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CHAPTER  ONE 


INTRODUCTION 


1.1  The  Problem 


A variety  of  military  missions  rely  on  the  ability  of  an  airborne 
observer  to  detect  and  identify  ground  objects  as  possible  targctB  for 
weapons  carried  by  aircraft  or  launched  from  ground  sites.  These  missions 
include  the  close  air  support  of  ground  troops,  interdiction  of  roads 
and  rivers,  search  and  destroy  missions,  and  reconnaissance,  surveillance, 
and  intelligence-gathering  missions.  These  misaions  are  flown  in  a variety 
of  aircraft,  under  a variety  of  weather  and  atmospheric  conditions,  and 
with  a variety  of  sensors  and  aids  available  to  the  observer.  All  these 
missions  have  one  thing  in  common;  they  rely  on  the  ability  of  the  human 
eye/brain  combination  as  the  initiator  of  the  sequence  of  events  which 
leads  either  to  a successful  or  unsuccessful  mission.  In  mobile  targets, 
real-time  or  near  real-time  target  acquisition  missions  are  required 
because  the  information  is  of  leas  value  if  not  immediately  used. 

Although  automatic  target  detection  methods  are  being  actively  pur- 
sued which  miy  possibly  supplant  the  human  observer  in  this  important  task, 
no  feasible  method  has  been  developed  which  has  the  combined  flexibility, 
programmability,  quick  response,  ability  to  reject  clutter,  resolution, 
ability  to  respond  to  small  contrast,  ability  to  adjust  to  low  and  high 
ambient  illumination  (dynamic  range),  shape  and  contour  matching  ability, 
ability  to  detect  anomalies  in  the  scenic  content,  and  ability  to  detect 
movement  and  changes  as  the  human  observer.  Small  weight  and  volume  make 
the  human  observer  a very  effective  censor  and  data  analyzer.  Because 
the  visual  scene  is  continually  changing,  and  e large  number  of  variables 
affect  the  probability  of  detecting  and  identifying  targets,  it  may  never 
be  possible  to  completely  automate  the  target  acquisition  process.  The 
difficulty  and  costs  associated  with  automating  target  detection/identi- 
fication make  It  necessary  to  optimize  the  sensor  and  processor  of  infor- 
mation. The  best  possible  display  is  needed  to  provide  cueing  and  navi- 
gational aids,  and  reduction  of  false  targets  (clutter)  in  the  scene. 

This  requires  the  best  of  sensors,  and  sometimes  even  the  changing  of 
system  or  mission  parameters. 

Since.  World  War  II,  steady  interest  has  been  shown  in  the  target 
acquisition  process  in  the  Armed  Forces  and  In  the  research  and  develop- 
ment establishment.  During  the  early  days  of  World  War  II,  the  Armed 
Forces  Vision  Committee  was  established.  Their  early  work  was  motivated 
by  the  Anti-Aircraft  Artillery  (AAA)  requirement  for  ground  observers  to 
search  for  low  altitude  targets  while  airborne  observers  visually  searched 
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the  sea  or  ground  for  targets.  Recent  renewed  interest  in  target  acquisi- 
tion lias  resulted  from  the  development  of  surface-to-air  mlssilea  (SAM's), 
rudar  directed  accurate  AAA,  and  recent  tactical  operations  in  jungle  and 
low  visibility  environments.  The  new  types  of  sensors  such  as  Forward 
Looking  Infrared  Systems  (FL1R)  and  Low  Light  Level  TV  have  also  increased 
the  use  of  displays  such  as  cathode  ray  tubes  in  target  acquisition. 

A recent  symposium  on  target  acquisition  concluded  chat  "the  state- 
of-the-art  in  missile  design  and  guidance  systems  has  far  outstripped 
the  ability  of  the  human  operator  to  acquire  ground  targets  at  maximum 
launch  ranges"  (Payne,  1972).  Modern  weapon  capabilities  make  it  impera- 
tive that  targets  be  detected  and  identified  while  the  aircraft  is  still 
far  enough  outside  the  enemy's  defensive  capability  to  launch  its  weapon 
(or  designate  it  to  a weapon  system)  and  leave  the  area  fast.  Launch 
and  leave  weapon  systems  are  being  designed  which  will  help  the  pilot/ob- 
server do  this  effectively.  The  limiting  factor  in  all  these  systems  is 
still  the  inicial  target  detect/recognize  task.  Figure  1-1  (taken  from 
Payne,  1972)  illustrates  the  problem  in  terms  of  slant  range.  Exper- 
ience in  both  operations  and  in  flight  testing  indicates  that  under  ideal 
conditions,  far  less  than  100  percent  of  available  targets  are  usually 
detected.  The  figure  is  reduced  considerably  when  conditions  are  not 
ideal,  i.c.,  when  camouflage,  terrain  masking,  and  low  level,  high  speed 
search  is  involved.  When  lone  slant  range  requirements  are  added,  the 
success  figure  is  decreased  proportionately.  The  operator  reaction  time 
requirements  in  designating  the  target  have  produced  system  problems. 

Some  proposed  airborne  systems  have  had  to  be  abandoned  because  they  were 
shown  to  be  unfeasible  by  timeline  analysis. 


There*  are  several  ways  In  which  tills  operational  cime/rangc  problem 
m.»y  be  solved  or  mitigated. 

1.  The  detection/recognition  system  may  be  optimized  to  make 
better  use  of  the  operator's  visual  capability.  This  may 
be  done  by  using  sensors  better  tuned  to  the  environment/ 
target  signature  or  by  combining  sensors  to  enhance  the 
target  and  hence  its  detectability. 

2.  Target  cueing  can  be  u3ed  to  eliminate  false  targets  and 
take  advantage  of  known  facts  about  the  target.  Other  types 

of  systems  such  as  radar  and  navigational  gear  can  also  be  used 
to  cue  the  target  or  target  area. 

3.  Particular  operational  missions  can  be  designed  to  maximize 
the  probability  of  target  acquisition  if  the  capability  of  the 
human  observer  in  different  operational  environments  is  known  in 
combination  with  the  capability  of  the  system  available  to  do 
the  job. 

4.  Observers  can  be  selected  and  trained  to  better  use  the 
capability  of  the  systems  with  which  they  have  to  work. 

5.  The  display  used  by  the  observer  can  be  optimized  in 
image  quality  (resolution,  contrast  rendition,  and  signal/ 
noise  ratio)  to  give  the  best  possible  information  and  data 
needed  for  the  target  acquisition  task.  Display  size, 
viewing  distance,  system  magnification,  gain,  polarity,  and 
contrast  6etting3  should  be  matched  to  human  visual  requirements 
to  take  advantage  of  human  spatial  and  temporal  integration  and 
discrimination  capability.  If  a raster  scan  display  is  used, 
scan  rates,  interlace,  sampling  rotes,  and  other  IV  parameters 
can  be  optimized  to  improve  the  display  visually. 

It  can  thus  be  seen  that  target  acquisition  capability  depends  for 
the  most  part  on: 

1.  Environmental  and  mission-related  factors;  mission  require- 
ments, terrain,  weather,  weapon  capabilities. 

2.  Hardware  and  equipment  related  factors;  data  processing, 
cueing,  display,  designation,  instrumentation,  etc. 

3.  Human  Factors;  training  and  selection,  visual  response 
capability  and  requirements,  compatibility,  and  inter- 
facing, cognitive  aspects. 

All  these  factors  affect  target  acquisition  performance.  Although 
considerable  work  has  been  done  in  each  of  the  above  areas,  there  is  a 
continuing  need  to  organize  and  integrate  the  data  into  a form  which  is 
meaningful  to  a system  designer,  to  operations  or  mission  planners,  and 


to  basic  or  applied  researchers  in  each  of  the  arose.  ThJ6  need  exists 
due  to  the  breadth  of  technology  and  the  large  number  of  professional 
disciplines  involved  in  target  acquisition.  Technology  in  this  area  is 
moving  so  fast  that  comprehensive  reviews  often  are  obsolete  soon  after 
publ icat ion. 

There  is  also  need  for  an  organization  of  specialists  in  the  target 
acquisition  area.  In  the  recent  past,  the  Infra-Red  Information  Symposium 
(IRIS)  has  provided  a clearing  house  for  target  acquisition  data  with 
emphasis  on  IR  technology.  The  classified  nature  of  the  IRIS  meetings 
has  limited  membership  and  attendance  at  the  specialty  group  meetings. 

The  formation  of  a Department  of  Defense  Target  Acquisition  Working  Group 
(TAWG)  has  the  promise  of  providing  increased  impetus  to  the  application 
of  research  and  analysis  of  target  acquisition  by  encouraging  standardi- 
zation of  nomenclature  and  measurement  techniques,  and  by  recommencing 
government  funding  of  critical  work  needed. 

1.2  Boundaries  of  This  Source  Book 


Target  acquisition  technology  is  too  broad  to  be  adequately  covered 
by  one  document  and  provide  maximum  utility  to  the  wide  range  of  concerned 
personnel.  This  source  book  is  primarily  intended  to  cover  the  following 
aspects  of  target  acquisition  to  the  depth  required: 

1.  Air-to-ground  target  acquisition  only.  Consideration  of 
space  and  time  makes  it  necessary  to  exclude  ground-to-air 
from  discussion,  as  well  as  ground-to-ground  and  air-to-air 
acquisition  problems.  However,  due  to  the  similarities  among 
these  areas,  the  reader  may  wish  to  generalize  to  those  cases. 

He  is  cautioned  to  do  this  with  the  requisite  safeguards  for 
such  an  extension. 

2.  Real-time  target  acquisition  is  the  primary  concern  although 
target  acquisition  by  means  of  photographic  or  near  real-time 
6yaterao  or  otherwise  related  recorded  imagery  is  involved 
peripherally.  The  photographic  target  acquisition  area  is  a 
separate  problem  and  involves  some  other  sets  of  independent 
and  dependent  variables. 

3.  Target  acquisition  using  direct  visual  and  real-time 
eicctro-optical  (E-0)  target  acquisition  systems  ie  addressed 
by  way  of  the  display.  Real-time  E-0  la  defined  here  as 
television  or  forward-looking  infrared  (FU.R)  generic  type 
systems.  Ho  attempt  is  made  to  discuss  target  acquisition 
by  means  of  non- imaging  radar,  sonar,  or  other  types  of 
devices. 

4.  The  human  factors  aspects  of  target  acquisition  are  stressed. 
Although  the  man-machine  interface  in  target  acquisition  is  not 
precisely  defined,  and  there  may  be  some  controversy  as  to 
what  constitutes  "Human  Factors  Aspects,"  the  subject  is 


discus nod  as  completely  and  thoroughly  as  possible.  1'or  the 
purposes  of  this  book,  Human  Factors  Aspects  are  defined  as 
those  which  involve  human  vision  ultimately,  as  mediated  by 
the  display  parameters,  viewing  conditions,  exposure  time,  level 
of  briefing  and  cueing,  and  decision  related  parameters,  and 
involve  contrast  or  form  discrimination  thresholds.  Those 
parameters  that  are  primarily  system  or  sensor  related  are 
not  covered  in  detail,  except  where  they  impact  <"he  human 
in  the  system. 

5.  Although  some  important  classified  papers  on  target  acquisition 
have  been  reviewed  and  are  referenced  in  the  source  book,  to 
keep  this  book  unclassified  and  therefore  maximally  available, 
classified  material  has  been  excluded.  The  bibliography,  how- 
ever, does  include  references  to  pertinent  classified  literature. 

6.  The  emphasis  in  the  book  has  been  on  the  data  of  basic  and 
applied  research  rather  than  on  strictly  applied  work  (related 
to  a particular  system  or  aircraft  and  hence  of  limited  gen- 
erality). 

The.  decisions  to  include  and  exclude  material  were  made  after 
careful  study  and  evaluation.  All  too  often  no  two  results  of  similar 
experiments  are  ever  quite  the  same.  The  best  one  can  hope  to  obtain 
from  this  tangle  of  data  are  rules  which  guide  inquiry  in  the  most 
fruitful  direction. 

The  target  acquisition  problem  might  also  include  research  in  tar- 
get tracking,  alignment,  and  inputting  devices  on  the  motor  side  of  ac- 
quisition. Obviously,  these  variables  interact  to  an  unknovrn  degree  and 
in  an  unknown  manner  with  the  visual  part  of  the  target  acquisition  prob- 
lem. At  the  present  time,  including  response  variables  in  target  ac- 
quisition results  in  a basically  new  target  acquisition  situation  whose 
effects  on  the  dependent  variables  of  detection/recognition  range  and 
probability  of  detection/rccognition  are  basically  unknown  and  unpre- 
dictable. When  other  complicating  factors  such  as  differences  in  types 
of  sensors,  measurement  techniques,  and  operational  conditions  are  added, 
the  problem  is  further  compounded. 

The  major  purposes  of  this  source  book  are  to  start  the  process  of 
sorting  out  and  to  preliminarily  evaluate  the  variables  and  their  relative 
importance  to  the  search  and  acquisition  process,  to  organize  them  mean- 
ingfully, to  make  evaluation  judgements  diere  required,  and  to  indicate 
where  data  are  available,  where  information  is  lacking  and  where  experi- 
mentation can  make  the  most  efficient  payoff  by  significantly  reducing 
our  ignorance.  It  is  hoped  thereby  to  provide  a data  source  tor  systems 
and  design  engineers  involved  in  target  acquisition  design  problems. 

1, 3 definitions  of  Key  Tgraa  , 

'Hie  majority  of  real-time  air-to-ground  target  acquisition  missions 
are  those  involving  combat  air  support.  Tims*  the  acquisition  of  tactical- 
type  targets  ia  emphasized.  A clear  definition  of  terms  is  necessary  in 


discussing  these  missions.  The  Glossary  is  a preliminary  attempt  to 
obtain  a standardized  group  of  definitions  which  are  acceptable  to 
specialists  and  users  alike,  and  to  indicate  how  these  terms  will  be  used 
In  this  source  book.  Whore  possible  the  United  States  Department  of  De- 
fense Definition  of  Military  Terms  has  been  followed.  But  only  a small 
number  of  the  key  terms  were  found  to  be  applicable. 

The  target  acquisition  research  area  suffers  from  a lack  of  common 
and  agree-1  upon  definitions  of  termu.  No  one  has  stated  the  case  better 
than  Bliss  (1965): 

"The  three  most  commonly  used  and  confused  terms  employed 
to  describe  the  visual  problems  of  targeting  are  detection, 
recognition,  and  Identification.  In  general,  they  refer  to 
progressive  refinements  of  target  acquisition.  Detection  is 
the  determination  that  some  object  is  present  at  a location 
compatible  with  its  being  the  target;  recognition  is  the 
determination  that  the  detected  object  is  a member  of  that 
subclass  of  objects  for  which  the  observer  is  looking  (tank3, 
trucks,  ships,  four-engined  aircraft,  or  whatever);  and  ident- 
ification is  the  determination  of  which  member  the  target  is 
of  the  subclass  of  interest. 

"In  this  report,  targsl  acquisition  is  used  aa  a generic 
term  to  cover  any  or  all  aspects  of  targeting.  Target  ac- 
quisition Is  thus  a neutral  term  in  that  it  can  mean  de- 
tection, recognition,  identification,  or  whatever  problem  of 
targeting  the  teat  or  experiment  is  concerned  with.  If  the 
target  problem  which  a system  has  to  solve  in  order  to  work 
successfully  is  only  target  detection,  then  the  system  has 
acquired  its  target  when  it  has  detected  it;  if  the  system 
cannot  go  into  operation  until  it  has  been  provided  the  serial 
number  of  the  target,  then  it  has  not  acquired  its  target 
until  it  has  identified  it. 

"In  military  operations,  the  problem  of  visual  acquisition 
of  ground  targets  is  actually  five  different  problems,  one 
for  each  of  five  different  missions:  (1)  reconnaissance  or 

surveillance,  (2)  navigation,  (3)  attack  o,i  targets  of  oppor- 
tunity, (4)  attack  on  targets  identified  in  debriefing, 
and  (5)  vectored  attack  with  no  search  or  limited  search  re- 
quired. Each  of  these  five  missions  presents  a target  ac- 
quisition problem  different  from  each  of  the  others. 

"For  a given  target  in  ft  particular  background  at  a 
particular  hour  on  a specific  day  (end  all  other  things 
being  equal),  there  Is  no  reason  to  expect  the  same  target 
acquisition  ranges  for  any  two  of  these  five  missions, 

• Therefore,  to  be  meaningful  a discussion  of  target  acquisition 
(detection,  recognition,  identification,  or  whatever)  must 


be  prof. ued  by  a specif Ication  of  the  mission,  and  consider- 
ation of  the  significance  of  target  acquisition  ranges  or 
probabilities  should  be  restricted  to  a particular  mission. 

In  the  studies  conducted,  this  has  almost  never  been  done, 
and  the  fact  that  it  has  almost  never  been  done  is  one  of 
t he  important  sources  ot  error  in  the  design,  conduct,  and 
,'nterprctation  of  experiments  and  flight  teats  in  this  field. 

"Four  of  the  five  missions  described  above  require 
preacquisition  search.  A tremendous  complication  is  added 
to  the  relatively  simple  problems  of  detection  and  recog- 
nition by  the  requirement  of  searching  for  the  target  in  a 
moving  visual  field,  but  only  a fraction  of  the  tests  and 
experiments  include  search  of  a moving  visual  field  as  part 
of  the  task. 

"A  final  consideration  of  importance  in  the  inter- 
pretation of  target  acquisition  work  which  is  frequently  not 
treated  explicitly  in  reports  is  the  relationship  between 
what  the  observer  was  looking  for  and  whst  he  actually  saw  — 
i.e.f  the  correspondence  between  expectation  and  reality. 

All  sorts  of  elements  go  into  making  up  the  observer's 
expectations  — prior  experience  with  the  type  of  mission 
or  experiment,  familiarity  with  the  particular  stimulus 
material  (terrain),  nature  of  the  task  (reconnaissance 
versus  attack;  detection  versus  identification),  type  and 
specificity  of  briefing  (instructions;  set),  etc.  The  pre- 
cise degree  and  kind  of  similarity  between  expectation  and 
actuality  make  a very  great  difference  in  probability  and 
range  of  acquisition.  The  foregoing  considerations  concern 
the  adequacy  of  the  test  design  in  the  sense  of  whether  the 
test  or  experiment  is  designed  to  shed  light  on  the  actual 
problem  of  interest  or  on  some  more  or  less  remotely  related 
problem  — whose  degree  of  remoteness  may  not  be  recognized 
by  the  experimenter. 

"An  additional  difficulty  in  target  acquisition  work 
is  that  the  term  "target"  is  not  specifiable  in  an  ob- 
jective way,  A target  is  anything  that  anybody  is  inter- 
ested in  finding  and  doing  something  about.  It  may  have  no 
visual  repriM entation  (an  underground  bunker);  it  may  have 
an  ambiguous  representation  (a  command  post  or  headquarters); 
it  may  have  a visual  representation  which  changes  drastically 
with  the  aspect  from  which  it  is  viewed  (a  tank)  or  the  alti- 
tude from  which  it  is  viewed  (a  radio  tower)  or  the  presence 
or  absence  of  sun  and  glint  (a  polished  aircraft  fuselage); 
etc.  This  ambiguity  does  not  prevent  meaningful  work  on 
specific  targets,  but  it  suggests  that  an  all-inclusive 
solvion  to  the  problem  of  visual  target  acquisition  is 
unlikely."  (pp.  3-5). 


In  this  source  book,  the  following  key  definitions  will  describe 
the  target  acquisition  process: 

Perceptual  Definition  Operational  Definition 


Observer: 

The  individual  who  is  acquiring 
targets. 

The  pilot,  or  an  assigned 
observer,  either  one,  de- 
pending upon  the  aircraft 
type  and  the  task  required. 

Target: 

The  object  class  for  which 
visual  search  is  conducted. 

The  assigned  military  object 
(prebriefed)  or  class  of 
objects  of  a certain  type. 

Detection: 

The  observer  decides  an  object 
present  in  his  field  of  view 
should  be  inupecteo  further 
(e.g.,  man-nude  object). 

Object  may  have  been  visible 
before  detection,  but  was  not 
distinguishable  enough  from 
other  objects  to  cause  in- 
spection decision. 

The  observer  Inspects  the 
object;  observer  takes  what- 
ever action  is  necessary  to 
further  inspect  object;  e.g., 
olew  TV,  zoom  the  FOV,  look 
at  object  with  eye. 

Rccognition:The  observer  decides  the  object 
belongs  to  a pm  titular  class  of 
objects  (c.g.,  vehicle).  There 
are  hierarchies  of  class  names; 
the  particular  hierarchy  for 
recognition  decision  is  deter- 
mined by  scenario  and  prebrief- 
ing. 

The  observer  begins  an  at- 
tack mode.  Attack  mode  in- 
cludes designating  target 
to  fire  control  system,  fly- 
ing aircraft  as  required 
(fly  over  or  by  target), 
armament  switching  (e.g., 
master  arm  on),  etc. 

Identifi- 

cation: 

Observer  decides  ob'ect  Is  in 
particular  subclass  within 
class  (e.g.,  tank).  The  sub- 
classes are  dependent  upon 

pi  naeoo 

f f*** 

briefing. 

Observer  continues  attack 
and  commits  weapon  release. 

The  definition  of  "detection"  is  a departure  from  a classical  defini- 
tion: the  awareness  of  the  presence  of  an  object.  The  classical  definition 
might  be  equated  to  "psychophyalcally  visible."  The  visual  field  i' 
usually  full  of  visible  objects;  the  fact  that  they  can  be  sensed  is  a 
necessary,  but  not  sufficient,  condition  for  taking  action.  The  defini- 
tions given  in  the  table  are  action-oriented  and  could  be  measured  in  a 
real-world  situation  (simulated  or  operational). 


I ho  term  "c  buiB"  of  objects  i:i  Intentionally  left  In  genera  1 
terms,  since  — although  t ht*  operational  definition  always  holds 
(tlie  action  taken  is  the  same)  — class  hierarchies  can  change  with 
ihanges  in  scenario,  mission,  briefing,  and  tactics. 

1 . 4 Stato-of-the-Art  of  Target  Acquisition 

Although  it  is  a truism  to  say  that  the  target  acquisition  pro- 
cess is  very  complex,  the  statement  bears  repetition.  Understanding 
tills  complexity  requires  a knowledge  of  the  basic  and  applied  disciplines 
involved.  The  target  to  the  observer  link  involves:  / 

* / 

1.  The  basic  physics  of  che  electromagnetic  spectrum, 
especially  in  the  visual  portion 

2.  The  radiant  energy  properties  of  the  scene  being 

viewed  ' 

3.  The  geometry  of  the  viewed  scene 

4.  Die  characteristics  of  the  sensing  and  display  system 

5.  The  capabilities  and  limitations  of  the  human  visual 
system 

6.  The  cognitive  processes  of  the  observer 

7.  The  operational  capabilities  of  aircraft. 

Good  research  In  air-to-ground  target  acquisition  r squires  an 
applied  physics-meteorologicul-eloctronic-phy3*ologicAl  psychologist, 
trained  as  a pilot  and  with  a broad  experience  in  military  operations. 
This  unlikely  combination  is  hard  to  find.  Those  who  arc  well  exper- 
ienced in  one  or  more  facets  of  the  problem  are  likely  to  emphasize 
their  area  of  interest  and  to  overlook  the  equally  complex  problems 
in  other  pertinent  areas.  Middleton  (1952)  in  discussing  the  inter- 
disciplinary knowledge  needed  for  an  understanding  of  vision  through 
the  atmosphere  stated  "...at  the  present  time  a worker  in  the  field 
of  vision  through  tha  atmosphere  is  as  likely  to  be  a physiologist  or 
a psychologist,  as  a meteorologist  or  a physicist.  For  the  subject 
straddles  the  diffuse  border  between  psychology  and  physics,  and  i:.  in 
consequence  regardsd  with  mistrust  by  the  sterner  immigration  officers 
of  both  domains.  To  the  gUui'uiuiiS  of  physics  it  is  not  a very  de- 
sirable visitor  because  its  puree  is  not  very  well  filled  with  signifi- 
cant figures,  and  to  the  psychological  inspectors  it  seems  to  have*  a 
formidable  array  of  mysterious  symbols  on  Its  passport..."  (p.3). 

Add  to  this  list  the  design  engineers  who  expect  to  find  clear 
design  criteria  for  a target  acquisition  system,  and  the  military 
commander  who  fails  to  understand  why  his  pilots  ere  unable  to  locate 


i 


the  target 
i'  i a i is  t ill 
yet  a fine 


with  more  precision.  It  seems  Incongruous  to  each  spe- 
lil.'i  own  l leld  that  air-to-ground  target  acquisition  is  not 
art  after  60  years  of  research  and  development. 


1.6  St  tidy  Findings 


To  compile  this  source  book,  the  available  open  literature  in 
the  area  of  target  acquisition  was  reviewed,  integrated,  and  evaluated; 
available  data  were  collated  and  compared;  dlfic, ences  among  applied 
and  research  oriented  data,  methodology,  and  objectives  were  assessed 
and  evaluated;  and  the  applicability  of  all  available  data  was  applied 
to  goals  and  purposes.  As  a result  of  this  study,  it  was  concluded 
that: 


1.  The  target  acquisition  literature  is  voluminous.  This 
is  demonstrated  by  :he  size  of  the  bibliography  included 
in  this  source  book;  over  1700  article?,  books  and  reports 
arc  cited. 


?.  The  target  acquisition  area  is  interdisciplinary  as 
demonstrated  by  the  number  of  different  journals  in 
which  target  acquisition  reports  are  published  and  the 
disparate  background  of  the  authors. 

3.  The  torget  acquisition  area  is  not  well  defined  conceptually, 
experimentally,  or  in  terns  of  recognized  and  standardized 
terminology.  It  contains  many  mixed  and  overlapping  con- 
cepts and  definitions.  This  is  certainly  due  to  its  inter- 
disciplinary nature,  to  differing  emphases  and  purposes, 
and  to  the  lack  of  an  authoritative  or  evaluative  organi- 
zation to  establish  standards. 


4.  The  target  acquisition  area  is  "messy"  because  of  the 
large  number  of  ill-defined  and  inadequately  understood 
variables  involved,  and  because  of  the  many  interactive 
effects  among  the  critical  variables. 

5.  Theory  construction  has  primarily  been  limited  to  the 
mathematical  modeling  of  the  target  acquisition  process 
with  few  validation  studies  and  testing  of  sub-models. 


6.  Security  considerationo  have  limited  the  interchanges 
of  data  because  many  of  the  critical  articles  are 
classified.  Proprietary  classification  has  also  limited 
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7.  There  is  » gulf  betveen  ’basic  research  data  availability 
and  applicability  and  operational  data  requirements  of 
system  designers.  Target  acquisition  problems  arc  complex 
and  difficult  and  this  may  be  one  reason  for  the  lack  of 
data  applicable  to  applied  problems. 


1-/0 


8.  Target  acquisition  problems  have  no  ulmple  .inswerB,  only 
indicators  of  possible  solutions.  Popular  concepts  such 
as  visual  lobe,  image  quality,  MTVA,  5NKJ),  contrast  ratios, 
and  resolution  lines  across  the  target  ha 'e  attracted 
enthusiastic  supporters  as  an  exploratory  or  summative 
concept  only  to  be  supplanted  by  another  one  sooner  or 
later.  Each  has  been  found  to  be  only  part  of  the  answer. 

No  one  concept  can  yet  provide  final  and  definitive  pre- 
dictive results.  This  is  to  be  expected  considering  the 
complexity  of  the  field.  No  simple  solution  exists  and 
each  new  concept  should  be  accepted  tentatively,  expecting 
it  to  be  ultimately  replaced  by  a better  idea. 

It  is  hoped  that  the  reader  will  find  this  book  useful,  both  in 
those  parts  of  it  which  concern  his  work  and  needs  as  well  as  in 
related  areas,  and  that  he  will  draw  his  own  conclusions  about  state- 
of-the-art  of  target  acquisition.  Readers'  cocmento,  criticisms, 
and  evaluations  are  invited. 

1,6  How  to  Use  This  Book 


This  book  has  been  organized  along  traditional  target  acquisition 
natural  lines  of  fracture,  i.e.,  functional  lines.  There  are  separate 
chapters  on  the  human  visual  system,  target  and  environmental  factors, 
sensing  and  display  systems,  search  skills,  mathematical  modeling,  and 
the  MTF  approach  to  target  acquisition.  The  Table  of  Contents  and  the 
Tables  of  Target  Acquisition  Variables  accompanying  the  Bibliography 
provide  the  tools  with  which  users  can  find  particular  data  and/or 
subjects  of  interest. 

Every  attempt  has  been  made  to  include  useful  accepted  data  and 
to  organize  them  for  maximum  uoefulness  and  applicability,  whether 
the  work  consists  of  basic  research  data,  applied  or  flight  test  data, 
or  is  analytic  in  nature.  In  screening  the  studies,  it  is  possible 
that  excellent  studies  were  not  included  through  oversight  or  lack  of 
time  and  availability.  It  is  also  possible  that  studies  not  up  to 
acceptable  standards  were  inadvertently  included.  The  complex  process 
of  acquiring  targets  involves  the  control  of  many  variables.  The  com- 
plexity may  be  readily  appreciated  by  considering  the  lists  of  pertinent 
factors  suggested  by  various  investigators.  Gottodanker  (1960)  Uste 
nine  general  search-determinants,  the  majority  of  which  are  visual 
factors.  Bloomfield  (1970)  expands  upon  Gottsdanker  to  develop  an  ex- 
haustive list  of  laboratory  studies  related  to  visual  search.  Addressing 
the  air-to-ground  target  acquisition  problem,  Greening  and  Snyder  (1967) 
list  12  general  target  and  environmental  variables  or  factors  and 
9 observer  and  dynamic  variables.  Franklin  and  Whittenburg  (1965)  classi- 
fied 24  variablon  ««  important  for  target  acquisition  in  7 major  classi- 
fications. Table  i~I  presents  the  general  headings  an*  sub-factors 
noted  as  important  by  each  of.  the  investigators  cited  above.  Figure  1-2 
notes  the  various  elements  in  the  target  acquisition  process  included 
in  this  Source  Book;  under  each  major  element  arc  variables  that 
are  significant  to  some  degree  in  the  target  acquisition  process. 
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figure  1-2.  Typical  Paraaeters  in  Air-to-Cround  Target  Acquisition  Process 


The  chapters  are  organized  around  the  concepts  presented  in  figure 
1-2.  First,  Chapter  2 is  a brief  review  of  the  pertinent  properties 
of  the  human  visual  system,  basic  to  any  understanding  of  finding  tar- 
gets. Chapter  3 considers  the  target-geometry-environment  complex 
in  which  any  visual  search  for  targets  is  conducted.  Chapter  4 evaluates 
the  sensor-display  parameters  involved  in  using  E-0  systems  to  help  ac- 
quire targets.  Chapter  S considers  the  operator  as  he  is  Involved  in 
visual  search  for  targets.  Chapter  6 considers  the  evaluation  of  the 
target  acquisition  process,  l.e.,  the  theoretical  models  used  to  predict 
the  real-time  simulation  models  and  field  testing.  Chapter  7 is  a 
summary  in  the  form  of  design  recommendations,  operational  impli- 
cations, and  research  required.  A Glossary  of  Terms  with  our  recom- 
mended definitions  of  those  terms  is  presented.  The  Bibliography  cites 
more  than  1700  related  references. 

1.7  Conclusion 


Chapter  1 has  introduced  the  problem  of  target  acquisition  from 
an  operational  standpoint,  described  the  basic  components  of  the  target 
acquisition  problems,  discussed  the  present  state-of-the-art,  and  noted 
the  areas  that  follow  where  more  detailed  material  is  presented.  A 
tentative  list  of  the  critical  variables  involved  has  been  presented  to 
indicate  the  boundaries  and  limits  to  the  field.  The  obvious  inter- 
disciplinary nature  of  the  data  and  approaches  militates  against  narrow- 
ness of  approach  and  viewpoint.  The  purposes  and  goals  of  the  book  were 
discussed  with  suggestions  of  how  data  could  be  found  and  used.  It  is 
the  basic  tenet  of  this  book,  and  it  is  hoped  proven  by  the  evidence 
provided,  that  human  factors  are  at  the  heart  of  the  target  acquisition 
process  and  that  the  central  determiner  of  system  success  is  the  ultimate 
dependence  on  human  visual  performance.  Present  day  systems  depend  on 
human  capability  to  search  target  areas  for  targets  or  target-like  spots, 
discriminate  contrast,  discriminate  form  or  contour,  "see"  through  noise, 
visually  integrate  time  and  space,  remember  scene  details,  and  note  changes 
in  the  observed  scenes. 


1.8  Summary 

This  volume  is  intended  as  a source  book.  As  much  of  the  available 
evidence  pertaining  to  the  target  acquisition  process  as  practicable  has 
been  reviewed.  An  extensive  bibliography  has  been  compiled.  Many  of  the 
references  cited  in  the  bibliography  as  useful  sources  of  data  arid  infor- 
mation have  not  been  i'u  viewed  or  cited  in  detail  in  the  discussions  of 
target  acquisition  data.  The  approach  chosen  was  to  consider  pertinent 
reporta  or  critical  research  where  applicable.  Reports  or  information 
that  provide  further  detail  or  corroboration  may  have  been  inadvertently 
omitted  or  not  considered  in  the  text.  It  thus  is  possible  that  some 
significant  research  may  have  been  missed.  Our  search  for  unifying  con- 
cepts and  for  any  practical  simplification  of  the  problems  of  finding 
targets  has  not  been  especially  fruitful.  We  thus  have  prepared  a data 


s<.,jrct  , t ne  {*3 ace  where  most  Bources  of  information  can  at  least  be 
found.  It  is  hoped  that  this  mass  of  material  will  provide  cohesive  and 
useful  information  that  will  allow  designers  of  target  acquisition  systems 
to  deve.op  and  demonstrate  the  ultimate  air-to-ground  target  acquisition 
system  At  that  point  we  will  propose  the  preparation  of  a Target  Ac- 
quisition Handbook. 


CHAPTER  WO 


PROPERTIES  OF  THE  HUMAN  VISUAL  SYSTEM 

The  purpose  of  this  chapter  Is  to  present  enough  basic  information 
about  the  functioning  of  the  human  visual  system  to  help  people  from  a 
variety  of  fields  understand  how  visual  capabilities  are  involved  in 
target  acquisition.  How  the  physical  stimulus  of  light  Interacts  with 
the  eye  will  be  discussed.  Important  visual  system  properties  include 
a description  of  the  eye’s  ability  to  resolve  spatial  and  temporal  pat- 
terns, and  to  perceive  color  distance  and  motion.  The  information  pre- 
sented is  a background  for  the  material  in  subsequent  chapters.  Key 
references  have  been  provided  to  assist  the  reader  who  may  wish  to  ex- 
plore certain  topics  in  greater  depth. 

The  discussion  of  spatial  and  temporal  modulation  transfer  functions 
(MTP)  of  the  eye  is  relevant  to  information  in  chapters  3 and  4.  Those 
not  familiar  with  HTF  of  the  eye  should  read  this  discussion. 

2.1  Specification  of  the  Physical  Stimulus 

This  section  consists  of  a brief  presentation  of  the  basic  units  of 
light  measurement,  including  a discussion  of  the  similarities  and  dif- 
ferences between  the  terms  used  by  the  physicist,  and  those  used  by  the 
psychologist.  Basically,  an  energy  source  (light)  omits  energy  at  a 
certain  rate  (radiant  flux).  The  light  falls  on  a surface.  Some  of  the 
energy  is  reradiated  by  the  surface  (irradiance) . When  that  energy  is  in 
the  very  narrow  part  of  the  electromagnetic  spectrum  called  light  the 
terms  are  photometric;  e.g.,  luminous  flux  and  luminance.  Among  many 
good  sources  for  a more  thorough  and  detailed  treatment  are  Judd  (1951), 
Riggs  (1965a),  Wyszecki  and  Stiles  (1967),  and  Akin  and  Hood  (1968). 

2.1.1  Radiometric  vs.  Photometric  Units 

The  energy  that  stimulates  the  eye  and  is  capable  of  giving  rise  to 
a visual  sensation  is  one  small  part  of  the  electromagnetic  spectrum. 

The  visible  spectrum  extends  from  approximately  400  nm  (nanometers,  i.e., 
meters  x ICT^)  to  750  nm.  Perceived  colors  range  from  violet  at  the  short 
end  of  thi3  speccrum,  through  blue,  green,  yellow,  and  finally  to  red  at 
the  long  end  of  the  cpectrum.  There  are  several  aspects,  or  dimensions, 
of  this  radiation  which  will  be  referred  to  from  time  to  time  throughout 
the  book.  These  include  specification  of  the  total  amount  of  energy  per 
unit  time  (power)  radiating  ivom  a point  source,  the  power  per  unit  solid 
angle,  the  power  incident  on  a surface,  and  the  power  emanating  from  an 


extended  source.  Two  sets  • corresponding  terras  may  be  used  to  specify 
these  quantities.  Radiometric  terms  describe  light  in  purely  physical 
aspects,  while  photometric  terms  provide  an  indication  of  the  effectiveness 
of  the  light  as  a stimulus  for  human  vision.  Historically,  the  two  metrics 
were  developed  independently;  today,  because  of  the  adoption  of  certain 
international  standards,  radiometric  and  photometric  terms  may  be  related 
mathematically  to  each  other. 


The  basic  difference  between  the  metrics  is  that  while  a radiometric 
term  is  related  to  the  total  energy  of  the  radiation  without  regard  to 
its  wavelength  distribution,  the  corresponding  photometric  term  es- 
sentially "corrects"  for  the  capability  of  the  human  visual  system  to 
respond  to  radiation  of  different  wavelengths.  That  is,  energy  at  those 
wavelengths  to  which  the  visual  system  responds  strongly  is  weighted 
heavily;  energy  at  wavelengths  that  the  eye  cannot  see  is  visually 
ignored.  This  distinction  is  stressed  here  because  stimulus  specification 
will  usually  be  in  photometric  terms  throughout  the  book;  however,  in 
certain  instances  a radiometric  term  must  be  used.  Although  only  photo- 
metric terms  are  precisely  correct  for  light  energy  as  seen,  the  radio- 
metric  terms  are  not  incorrect  descriptors  when  discussing  light.  For 
instance,  in  specifying  the  stimulus  to  a certain  (non-human)  sensor, 
the  radiometric  term  would  be  more  appropriate. 

Radiometric  Units.  To  describe  the  total  energy  per  unit  of  time 
emanating  from  a point  source  in  all  directions,  the  term  radiant  flux 
is  employed.  This  term  is  therefore  an  expression  of  the  power,  P, 
radiating  from  the  source,  and  is  commonly  measured  in  watts.  The 
radiant  intensity  of  this  source  is  the  amount  of  flux  radiated  per  unit 
solid  angle,  or  steradian,  around  a point  source,  and  is  l/4n  of  the 
radiant  flux  from  the  source.  To  describe  the  radiation  incident  on  a 
surface,  the  term  irradiancc  is  employed,  which  is  expressed  as  watts 
per  square  meter  of  surface  area.  Irradiance  is  inversely  proportional 
to  the  square  of  the  distance  from  the  source  to  the  surface,  and  directly 
proportional  to  the  cosine  of  the  angle  of  incidence  of  the  radiation  to 
the  surface,  measured  from  a line  perpendicular  to  the  surface.  Finally, 
when  measuring  the  amount  of  energy  emanating  from  an  extended  source 
rather  than  a point  source,  the  appropriate  term  is  radiance.  Radiance 
is  expressed  as  the  radiant  intensity  per  unit  area  of  the  source  - 
specifically,  as  watts  per  steradian  per  square  meter.  It  should  be 
noted  that  the  distance  from  the  measuring  instrument  (or  the  human  ob- 
server) is  not  important  in  calculating  either  radiance  or  its  corres- 
ponding photometric  term,  luminance.  While  it  is  true  chat  the  amount 
of  energy  falling  on  the  sensor  from  each  theoretical  point  on  the  source 
decreases  with  the  square  of  the  distance  from  tha  uensor,  it  is  also 
true  that  the  density  of  these  points  (per  unit  solid  angle  subtended  at 
the  sensor)  becomes  theoretically  greater,  resulting  in  a conotant 
radiance.  This  is  strictly  true,  however,  only  in  a vacuum,  for  the 
effect  of  the  atmosphere  is  to  decrease  the  radiance  with  increasing  dis- 
tance, a fact  to  be  discussed  in  some  detail  in  a subsequent  chapter. 


Photowet r tc  Units.  The  units  used  when  describing  light  in  photo- 
metric terms  arc  analogous  to  those  disetssed  above.  The  key  to  con- 
verting to  photometric  units  lies  in  correcting  for  the  spectral 
sensitivity  of  a "standard  human"  observer  across  the  visible  spectrum. 
Figure  2-1  shows  the  relative  sensitivity  of  visibility;  for  precise  con- 
version refer  to  a table  of  "luminosity  coefficients"  (e.g.,  Wyszecki  and 
Stiles,  1967).  The  eye‘s  sensitivity  to  a fairly  bright  light,  expressed 
as  a coefficient  which  ranges  from  0 to  1.0,  is  greatest  at  555  nm,  and 
drops  to  practically  zero  above  720  nm  or  below  410  nm.  Converting  to 
photometric  units  is  a matter  of  using  these  coefficients  tc  obtain  a 
weighted  sum  of  energy  (per  unit  time)  across  the  spectrum.  To  convert 
from  radiant  flux  to  the  corresponding  photometric  term,  luminous  flux, 
it  has  been  established  that  at  555  nm,  one  watt  of  radiant  flux  corre- 
sponds to  685  lumens  of  luminous  flux. 


Figure  2-1.  Visibility  Curve  for  Human  Eye 


The  luminosity  coefficients  employed  will  differ,  depending  on  the 
brightness  of  the  light.  For  fairly  bright  stimuli  a function  peaking  at 
SSS  am  is  used  (called  the  photopic  luminosity  function).  For  dim  stimuli 
(approximately  equivalent  to  the  brightness  of  white  paper  at  dusk,  a dif- 
ferent function  It)  used  (the  scotopic  luminosity  function),  which  peaks  ot 
about  515  nm.  The  scotopic  function  reflects  the  fact  that  at  low  light 
levels  the  maximum  sensitivity  of  the  human  visual  system  shifts  in  the 
direction  of  the  lower  wavelengths  (see  section  2.4.1). 

The  remaining  photometric  terms  are  equally  Bimilar  to  their  radio- 
metric  counterparts.  Luminous  intensity  is  expressed  in  lumens/steradlan, 
where  1 lumen/steradlan  ■ 1 candle.  Illuminance  is  defined  in  terms  of 
lumens/nr,  and  luminance  In  terms  of  lumens/steradian/m2,  or  candles/m2. 

A great  many  different  units  have  arisen  over  the  yeara  to  express  the 
above  concepts,  and  conversion  tables  are  readily  available.  One  of 
Che  most  frequently  encountered  units  of  illuminance  is  the  foot-candle, 
and  the  millilambert  is  commonly  employed  to  express  luminance.  Because 
measures  of  luminance  will  be  most  often  encountered  in  thiB  book,  Table 
2-1  presents  luminance  values  for  some  representative  stimuli.  Tuble  2-11 
summarizes  the  radiometric  and  photometric  terms  discussed  in  this  section. 
Table  2-I1I  is  a series  of  conversion  tables  for  photometric  and  radio- 
metric  units.  Converting  from  radiometric  to  photometric  units  and  back 
can  be  done  only  in  the  visible  spectrum. 

2.1.2  Description  and  Specification  of  Colors 

Later  chapters  of  this  source  book  will  discuss  the  role  of  colored 
stimuli  (whether  natural  or  artificially  produced)  in  the  acquisition  of 
targets.  Thus,  readers  unfamiliar  with  this  topic  should  acquire  a basic 
understanding  of  color  nomenclature  and  of  some  human  visual  system 
properties  relating  to  color  perception.  This  section  provides  a dis- 
cussion of  the  dimensions  on  which  color  varies,  and  presents  a standard 
system  of  measurement  and  specification  of  colored  stimuli. 

Colored  stimuli  may  be  thought  of  as  possessing  three  psychological 
dimensions:  hue,  saturation,  and  brightness.  Hue  is  the  attribute  of 

coW  perception  denoted  by  different  color  names,  such  as  red,  yellow, 
blue,  green,  etc.  It  Is  related  to  wavelength  in  that  a light  of  one 
particular  wavelength  (monochromatic  light)  will  vary  in  hue  as  its  wave- 
length changes,  a light  at  700  na  being  called  red,  a light  at  500  nm 
being  called  green,  and  so  on  (assuming  normal  color  vision).  Different 
hues  may  be  produced  by  different  combinations  of  wavelengths  as  well,  a 
fact  to  be  diacusaeu  shortly.  The  attribute  of  saturation  is  sometimes 
referred  to  eo  the  "purity"  of  a color,  and  may  be  thought  of  as  its 
vividness  or  strength.  One  way  to  produce  a desaturated  color  is  by 
■adding  white  light  to  a monochromatic  stimulus.  A completely  desaturated 
color  will  appear  as  a ahade  of  gray,  the  particular  shade  depending  on 
the  brightness  of  the  stimulus.  Brightness  may  be  thought  of  os  that 
attribute  that  changes  ss  the  physical  intensity  (e.g.,  luminance)  of  the 
stimulus  increases  or  decreases. 
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In  ro.il  l He  monochromatic  stimuli  are  rarely  encountered.  In  moat 
e <»«»*«  the  colors  we  see  arc  composed  of  mixtures  of  light  at  different 
wavelengths  and  Intensities.  Many  different  mixtures  will  produce  identical 
sonsut lonu  of  color  in  the  human  observer.  In  other  words,  the  human 
visual  system,  unlike  the  auditory  system,  is  not  capable  of  analyzing 
a stimulus  that  is  made  up  of  different  spectral  components.  Instead, 
that  stimulus  is  perceived  in  a unitary  fashion.  In  a normal  observer, 
a mixture  of  only  three  properly  chosen  wavelengths  at  the  proper  in- 
tensities is  sufficient  to  match  any  color  of  the  spectrum,  as  well  as 
the  non-spectra  1 purples  (which  are  additive  combinations  of  red  and 
blue).  Thus  colored  television  uses  only  three  basic  colors:  red,  green 

and  blue.  This  statement  should  be  qualified  by  stating  that  in  certain 
cases  it  Is  not  possible  to  match  some  highly  saturated  colors  except 
by  employing  a "negative"  amount  of  one  of  the  three  wavelengths.  In 
practice  this  is  achieved  by  placing  that  quantity  on  the  other  aide  of 
the  "equation,"  namely,  by  adding  that  primary  to  the  color  being 
matched.  This  description  of  color  mixtures  pertains  to  the  additive 
combination  of  lights,  occurring  for  example,  when  different  beams  of 
monochromatic  light  are  aimed  at  the  same  spot  on  a diffusing  screen. 

The  same  rules  of  color  mixture  do  not  apply  to  the  mixture  of  pigments, 
for  in  this  case  the  process  is  one  of  subtraction.  A pigment  will  re- 
flect certain  wavelengths  and  absorb  the  rest,  sc  that  two  pigments 
mixed  together  will  reflect  only  those  wavelengths  that  are  reflected  in 
common. 

Because  of  the  fact  that  any  perceived  color  can  be  described  by 
specifying  the  quantities  of  only  three  primaries  that  are  added  to- 
gether, a standardized  system  of  color  specification  is  possible.  Such 
a system  was  developed  when  the  Commission  Internationale  e l'Eclairage 
(CIE)  (sometimes  referred  to  as  ICI)  decided  upon  a set  three 
primaries  (since  many  nett.  are  capable  of  producing  all  co  ors)  and  de- 
rived the  figures  and  tables  necessary  to  specify  colors  in  a standard 
way.  The  primaries  actually  chosen  are  mathematical  abstractions,  which 
ore  more  saturated  than  physically  realizable  colors.  They  were  selected 
because  they  have  a number  of  convenient  features,  such  as  eliminating 
the  necessity  to  deal  with  negative  quantities.  Figure  2-2  presents  the 
"tristimaiuB  values"  for  the  three  CIE  primaries,  5T,  7,  and  z.  These 
values  represent  the  amounts  of  each  primary  needed  to  match  light  of  any  / 

given  wavelength  X.  With  these  curves,  or  with  the  tables  from  which  the  / 

curves  were  drawn  (see  example  Wyszeckl  and  Stiles,  1967),  any  colored \/ 
stimulus  may  be  described  and  plotted  if  its  phynical  characteristics  .are 
known.  To  illustrate  the  procedure,  one  might  first  determine  the  ^hergy 
of  the  stimulus  at  each  wavelength  across  the  spectrum  (at  for  exoaiple, 

10  nm  Intervals),  then  multiply  the  energy  by  the  value  of  5T  atytnat  wave- 
length, and  sum  across  the  spectrum.  The  quantity  obtained  ip/'thls 
fashion  would  be  called  X.  The  same  procedure  would  then  bir followed  to 
calculate  Y and  Z.  The  relative  amounts,  x,  y,  and  z,  of  the  three 
primaries  may  then  be  calculated  by  reference  to  the  following  equations; 
x ■ X/X  + Y + Z;  y "Y/X  + Y + Z;  z » Z/X  + Y + Z.  Since  x + y + z « 1, 

the  stimulus  may  now  be  plot  *d  in  two-dimensional  space,  on  the  CIE 


I 
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ehromat letty  diagram  In  Figure  2-3.  In  this  diagram  which  plot#  x versus 
y,  the  triangular-shaped  figure  represents  all  phynlcally-renHueable 
colors.  With  the  exception  of  the  straight-line  segment  from  380  to  780 
nm  (which  represents  the  locus  of  the  non-spectral  purples),  any  stimulus 
which  plots  on  the  boundary  of  this  figure  represents  a color  that  cannot 
be  distinguished  from  a monochromatic  stimulus  of  the  wavelength  indicated. 
Colors  in  the  interior  of  the  figure  are  less  saturated.  The  point 
labeled  K represents  a white  light,  defined  as  a mixture  of  equal  amounts 
of  the  three  primaries  (it  is  located  at  the  coordinates  0.33,  0.33). 

The  chromaticity  diagram  is  useful  in  many  ways,  because  it  presents 
a geometrical  way  to  visualize  many  facets  of  color  mixture.  For  example, 
if  colors  representing  any  two  points  on  the  diagram  are  additivel.y  com- 
bined the  mixture  will  be  located  somewhere  on  a straight  line  connecting 
the  two  points,  the  exact  location  depending  on  their  relative  intensities. 
The  position  of  a stimulus  on  the  diagram  also  permits  It  to  be  specified 
in  terms  of  its  "dominant  wavelength"  and  its  "excitation  purity."  The 
dominant  wavelength  is  determined  by  drawing  a straight  line  from  E, 
through  the  coordinates  of  the  stimulus,  to  the  boundary  of  the  diagram 
(spectrum  locus).  It,  for  example,  the  line  intersects  at  580  nm,  the 
stimulus  will  appear  to  have  a yellowish  hue.  The  saturation  of  the 
stimulus,  defined  in  terms  of  its  excitation  purity,  is  expressed  as  the 
percentage  of  its  distance  from  E to  the  spectrum  locus.  With  regard  to 
brightness,  a further  useful  feature  of  the  CIE  syBtem  iB  that  it  was 
constructed  so  that  the  value  of  Y is  proportional  to  the  luminance  of 
the  stimulus.  Therefore,  if  two  stimuli  are  being  compared,  by  calculating 
Y for  each  stimulus  it  may  be  determined  whether  they  match  in  luminance. 


Figure  2-2.  1931  CIE  Color-Matching  Functions 

(from  WysxGcki  and  Stiles,  1967) 


Figure  2-3.  1931  CIE 

Chromaticx ty  Diagram 
With  Spectrum  Locus, 
Purple  Line,  and  the 
Chromaticity  Point  of 
the  Equal-Energy  Stim- 
ulus E.  (From  Wyszecki 
and  Stiles,  1967) 


2,2  Structure  of  the  Eye 

Figure  2-4  is  a vertical  croso-section  of  the  human  eye.  For  e more 
detailed  treatment  of  the  basic  anatomy  see,  for  example,  Brown  (1965b). 
The  eye  is  approximately  25  mm  in  diameter,  weighs  about  7g,  and  includes 
a trc-isparent  bulge  (the  cornea)  at  the  front  surface  ^/hich  encompasses 
about  one-sixth  of  the  surface  area.  The  major  structures  of  interest  in 
target  acquisition  include; 

Retina.  The  retina  is  a membrane  that  lines  the  posterior  portion 
of  the  eyeball,  At  this  point  light  energy  is  changed  into  nerve  im- 
pulses by  receptors  called  rods  and  cones.  The  retina  is  a complex 
structure  containing  several  layera  of  connecting  nerve  cells  through 
which  the  light  must  pass  before  reaching  the  receptor  cells.  Because 
of  this  arrangement,  the  retina  is  said  to  be  inverted  or  inside  out. 

The  distribution  of  the  rods  and  cones  is  not  uniform  across  the  retina, 
as  will  be  shown  below. 
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Figure  2-4.  A Simplified  Cross-Section  of  the  Human  Eye, 

Showing  Principal  Structures  (from  Cornsweet,  1970) 

Optic  Disc.  Also  known  as  the  blind  spot,  the  optic  disc  is  the 
point  at  which  the  retinal  nerve  fibers  unite  into  the  optic  nerve  and 
leave  the  eye.  There  are  no  receptor  cells  located  in  the  area;  thus, 
no  visual  information  is  received  here. 

Fovea.  This  area  is  a small  depression  in  the  center  of  the  retina 
and  subtends  on  angle  of  1.5*.  It  contains  no  rods  but  ia  densely  packed 
with  cones  (approximately  147,000  per  mm^),  with  few  nerve  fibers  inter- 
vening between  the  cones  and  the  light  source.  The  fovea  thus  provides 
a capability  for  perceiving  fine  detail. 

Cones.  The  cones  are  receptor  cells  which  provide  both  color  and 
detail  information.  Functioning  during  relatively  high  illumination 
levels,  cone  vision  is  known  as  photopic  or  daylight  vision.  In  the  fovea, 
each  cone  connects  via  its  own  separate  nerve  pathway  to  the  brain  - one 
reason  for  the  cone's  ability  to  transmit  detail  information.  Figure 
2-5  illustrates  the  telative  visual  acuity  as  a function  of  distance  from 
the  fovea  as  well  as  the  distribution  of  cones  across  the  retina.  Note 
the  close  correspondence  between  the  acuity  function  and  the  cone  distri- 
bution. 

Rods.  The  rods  are  also  retinal  receptor  cello.  They  are  smaller 
than  the  cones.  Rods  are  able  to  function  during  low  levels  of  illumina- 
tion when  the  cone  system  is  inactive.  Under  low  illumination  the  rodo 
do  not  differentiate  between  colors,  so  that  light  is  sensed,  but  not 
color.  Rod  vision  is  known  as  scotopic  vision.  Unlike  the  foveal  cones; 
several  rods  share  the  same  ganglion  cell  which  lead3  to  the  optic  nerve 
fiber.  Rods  are  absent  in  the  fovea,  but  increase  in  frequency  up  to 
approximately  20  degrees  from  the  fovea  (see  Figure  2-5).  As  could  be 
predicted  from  the  distribution  of  iods,  under  scotopic  viewing  con- 
ditions maximum  acuity  is  some  distance  away  from  the  fovea. 
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Figure  2-5.  Distribution  of  Rods  and  Cones  Along  a Horizontal 
Meridian.  Parallel  Vortical  Lines  Represent  the  Blind  Spot. 
Visual  Acuity  for  a High  Luminance  as  a Function  of  Retinal 
Location  is  Included  for  Comparison.  (From  Brown,  1965b. 
Data  from  0sterberg,  1935). 


2.3  Spatial  Variations 

This  section  reviews  basic  data  about  the  ability  of  the  human  visual 
Hystem  to  respond  to  the  spatial  properties  of  stimuli,  that  is,  to 
variations  in  brightness  as  a function  of  position.  Information  on  the 
detection,  recognition,  or  resolution  of  different  kinds  of  targets  is 
presented.  How  this  ability  is  affected  by  stimulus  factors,  such  a3 
brightness,  size,  location,  duration,  motion,  and  shape  is  included. 

The  subject  of  target-to-background  contrast  is  given  special  consideration. 

2.3.1  Static  Visual  Acuity 

The  traditional  method  of  describing  the  ability  of  the  human  visual 
system  to  resolve  small  differences  in  spatial  patterns  has  been  via  the 
concept  of  visual  acuity.  Acuity  refers  to  the  size  of  the  detail  that 
can  Just  barely  be  resolved  in  Borne  type  of  square  wave  pattern,  i.c.,  a 
pattern  characterized  by  abrupt  transitions  between  light  and  dark  areas. 
Thus,  the  quantity  used  to  describe  acuity  is  Borne  measure  of  size. 
Generally,  acuity  is  defined  as  the  reciprocal  of  the  threshold  visual 
angle  (in  minutes  of  arc)  of  a critical  detail  of  the  target  to  be 
identified.  Sometimes,  particularly  in  clinical  applications,  acuity  is 
expressed  as  a distance  ratio;  i.e.,  the  distance  at  which  a target  is 
viewed,  divided  by  the  distance  at  which  a critical  detail  of  a target 
barely  resolvable  by  a particular  subject  would  subtend  an  angle  of  1 
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m hui tv  of  arc.  An  acuity  score  of  20/200  would  therefore  mean  that  at 
20  feet  the  subject  can  barely  resolve  a target  that  has  a critical  de- 
tail of  1 minute  when  neon  at  200  feet,  ft  may  he  shown  that  this 
measure  ot  acuity  is  equivalent  to  measuring  it  as  the  reciprocal  of  the 
threshold  visual  angle.  In  the  above  example,  at  20  feet  the  visual 
angle  of  the  critical  detail  would  be  10  minutes;  its  reciprocal  Is  thus 
0.1,  which  equals  20/20(1. 

The  simplest  method  to  calculate  visual  angle,  which  is  accurate 
enough  at  the  small  angles  encountered  in  measures  of  acuity,  is  (from 
Graham,  1951): 

8 * e/R  (in  radians),  or  5 ■ 57.3  e/R  (in  degrees), 

where  fi  » the  visual  angle,  c is  the  critical  dimension  (height,  length, 
etc.)  of  the  target,  and  R is  the  distance  to  the  target  along  the  line 
of  regard.  These  formulas  overestimate  8 by  1 percent  at  a value  of  10°, 
and  by  3 percent  at  a value  of  17*. 

Although  the  description  of  acuity  is  fairly  straightforward,  there 
are  a great  many  kinds  of  test  objects  that  have  been  used  to  measure  it. 
Riggs  (1965b)  has  categorized  these  into  four  basic  types  of  acuity  tasks. 
These  tasks  will  be  summarized  briefly  below,  In  order  to  illustrate  the 
kinds  of  acuity  scores  that  may  be  expected  in  different  situations, 

Detection.  In  the  case  of  visual  detection,  the  observer  is  simply 
required  to  indicate  whether  or  not  a particular  object  is  present  in 
the  field  of  view.  This  is  the  simplest  of  all  acuity  tasks,  and  may  be 
further  subdivided,  depending  upon  the  relationship  between  the  target 
and  the  background.  For  a light  target  seen  against  a dark  background, 
detection  may  more  properly  be  termed  a matter  of  absolute  sensitivity, 
rather  than  acuity,  since  the  visibility  of  such  on  object  will  depend 
on  the  amount  of  light  reaching  the  retina,  rather  than  the  size  of  the 
object.  Because  of  diffraction,  below  i critical  size  (about  10  seconds 
of  arc)  all  targets  will  result  in  al  ;t  the  same  retinal  pattern,  so 
that  an  acuity  measure  based  on  size  is  not  possible.  The  most  impressive 
acuity  scores  have  been  obtained  with  dark  targets  aeen  against  a light 
background.  It  has  been  shown  (cf.Geldard,  1953;  Riggs,  1965b)  that 
under  optimal  conditions  a single  dark  line  may  be  detected  when  its 
thickness  is  les3  than  one  second  of  arc. 

Recognition.  A recognition  task  demands  that  the  observer  identify 
the  target  or  locate  some  critical  detail.  Two  kinds  of  targets  fre- 
quently employed  in  visual  recognition  tasks  are  the  Snellen  letters  com- 
monly found  on  optometrists'  wall  charts,  and  I.andolt  rings,  which  look 
like  the  letter  C and  may  be  rotated  ao  that  the  critical  gap  appears  in 
one  of  several  locations.  When  measured  with  a recognition  task, 

"normal"  acuity  is  usually  defined  as  a score  of  1.0  (critical  detail 
subtending  one  minute).  Under  optimal  testing  conditions,  however  (in 
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p.i 1 1 iiul.tr,  high  background  luminance),  acuity  scores  may  bo  twice  as 
high. 


Kosolut Ion.  In  resolution  tasks , repeatable  (periodic)  patterns  are 
employed.  the  observer  is  required  to  indicate  whether  he  discriminates 
among  the  elements  of  the  pattern.  Patterns  typically  employed  are 
acuity  gratings  (alternating  light  and  dark  stripes),  checkerboard  pat- 
terns, and  t he  like.  Any  single  element  in  such  patterns  (such  as  a 
single  line)  would  be  clearly  visible  by  itself,  but  in  the  presence  of 
nearby  contours  the  size  of  all  elements  must  be  Increased  manyfold  in 
order  for  them  to  be  distinguished  from  each  other.  In  general,  acuity 
scores  measured  with  resolution  targets  are  similar  to  those  obtained 
for  recognition  stiiuti.  Thus,  for  example,  in  the  case  of  a grating  with 
tight  and  dark  stripes  of  equal  width,  the  minimum  stripe  width  necessary 
for  resolution  is  approximately  1 minute  arc. 

l.ocnl tzat ion.  The  fourth  type  of  acuity  task  depends  on  the  ability 
of  the  observer  to  discriminate  displacements  of  one  part  of  the  stimulus 
in  relation  to  another  part.  The  most  common  example  of  the  localization 
task  is  the  measurement  of  vernier  acuity,  which  represents  the  ability 
to  determine  whether  the  lower  segment  of  a vertical  line  is  displaced 
laterally  from  the  upper  segment.  Vernier  acuity  scores  are  typically 
quite  high.  It  is  possible  to  detect  displacements  on  the  order  of  a 
few  seconds  of  arc,  nearly  as  small  as  the  detection  thresholds  dis- 
cussed previously. 

Several  stimulus  factors  are  important  in  influencing  the  re- 
solving power  of  the  visual  system.  Thus,  it  is  not  possible  to  specify 
visual  acuity  without  specifying  the  conditions  under  which  it  is 
measured.  Some  of  the  more  important  variables  on  which  acuity  scores 
are  dependent  will  be  discussed  in  the  following  paragraphs.  This  dis- 
cussion will  be  restricted  to  those  parameters  likely  to  be  relevant  to 
target  acquisition  problems.  For  a treatment  of  other  parameters  of 
theoretical  importance,  see,  for  example,  Riggs  (1971). 

Acuity  scores  are  strongly  dependent  upon  brightness,  or  intensity, 
factors.  If  the  brightness  levels  of  the  object  being  viewed  and  the 
background  egainst  which  It  is  viewed  are  too  low  to  stimulate  the  cone 
receptors  of  the  retina  (i.e.,  below  the  photopic  visibility  threshold), 
acuity  will  be  very  poor.  As  shown  in  Figure  2-5,  acuity  is  relatively 
poor  in  those  regions  of  the  retina  where  rods  are  located.  Even  at 
higher  intensity  levels,  when  the  cones  are  functioning,  acuity  is  still 
related  to  intensity  over  a wide  range  of  intensities.  The  most  thorough 
Investigation  of  this  phonom,  ion  has  been  conducted  with  recognition 
tasks;  some  representative  data  arc  presented  in  Figure  2-6.  In  this 
figuve  it  may  be  seen  that  acuity  is  poor  in  tho  scotopic  (rod)  range, 
but  rises  rapidly  over  a large  part  of  the  photopic  (cone)  range.  Curves 
of  essentially  the  same  form  have  been  obtained  with  a variety  of  re- 
cognition test  objects,  and  with  resolution  tasks  as  well.  When  test 
objects  are  brighter  than  the  background,  however,  acuity  is  maximum  at 
moderate  Intensity  levels,  and  drops  sharply  at  high  intensities  (Bartley, 
1951). 
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Figure  2-6.  Visual  Acuity  us  a 
Function  of  Luminance,  in  a 
Recognition  Task.  Separate 
Curves  are  Fitted  to  the  Hod 
(Low  Luminance)  and  Cone  (High 
Luminance)  Portions  of  the  Data 
(From  Hccht,  1934,  and  Kiggs, 
1965b) . 


Another  parameter  of  great  importance  for  the  determination  of 
visual  acuity  is  the  brightness  contrast  between  target  and  background. 
In  the  case  of  recognition  and  resolution  tasks,  as  well  as  for  de- 
tection, it  has  been  found  that  acuity  increases  with  an  increase  in 
contrast.  Since  it  has  special  practical  interest  for  the  target 
acquisition  process  the  topic  of  contrast  will  be  discussed  later  in 
this  chapter. 

The  level  of  brightness  to  which  the  eye  is  adapted  prior  to  being 
tested  has  an  effect  upon  the  acuity  level  attained.  In  general,  acuity 
increases  as  the  luminance  of  the  test  field  increases,  up  to  the  level 
at  which  the  eye  has  been  previously  adapted;  acuity  then  decreases  at 
test  luminances  higher  than  the  adapting  luminance  (Craik,  1939).  In 
practical  terms,  this  indicates  that,  when  possible,  the  observer  should 
adapt  to  the  ambient  luminance  level  prior  to  attempting  any  fine  dis- 
criminations. 

Studies  concerning  the  effects  of  different  kinds  of  illumination 
on  acuity  have  shown  that  acuity  scores  are  affected  by  the  wavelength 
distribution  of  the  light  employed.  Monochromatic  light  from  the  middle 
of  the  visual  spectrum  has  been  found  superior  to  white  light  (Riggs, 
1965b),  while  it  i®  known  that  light  from  pjthpr  Bnyctrsl  extreme  (blue 
in  particular)  results  in  relatively  poor  acuity  scores. 

Finally,  the  location  of  the  target  within  the  field  of  view  has 
a large  effect  on  the  siee  of  an  object  that  is  barely  detectable.  As 
was  mentioned  previously,  images  falling  in  the  peripheral  areas  of  the 
retina  are  much  more  difficult  to  perceive,  except  under  very  low  il- 
lumination. Figure  2-7,pre8ent8  some  representative  data,  showing  the 
extent  to  which  an  object  seen  4n  daylight  must  be  enlarged  in  order 
for  it  to  be  detected  as  its  distance  from  the  visual  fixation  point 
increases  both  laterally  and  vertically. 


An|ul«r  Distance  (row  foves  (d»|tt«») 


Figure  2-7.  Variation  in  Threshold  Visual  Acuity  as  a Function 
of  Angular  Distance  from  the  Fovea.  (From  Dugas,  1962). 


2.3.2  Dynamic  Visual  Acui tv 


Dynamic  visual  acuity  refers  to  the  ability  of  an  observer  to  de- 
tect, recognize,  or  resolve  a target  when  cither  the  observer,  the  target, 


or  both  arc  moving*  Miller  and  Ludvigh  pioneered  the  Study  Ot  uynu»itc 
vlsua l acuity  in  the  1950's.  To  illustrate  angular  velocity  in  familiar 
terms,  ludvigh  and  Miller  (1954)  used  the  following  examples: 


"...an  automobile  traveling  30  miles  par  hour,  and  passing  per- 
pendicularly to  the  line  of  view  at  a distance  of  30  feet  pro- 
vides an  angular  velocity  of  about  85’/second  and  a fairly  f39t 
pitched  ball  delivered  to  the  catcher  and  viewed  from  the  first 
base  provides  on  angular  velocity  of  approximately  100°/sccond." 


The  Miller  and  l.udvlgh  findings  were  later  investigated  and  generally 
supported  by  Burg  and  Hulbert  (1961)  as  follows:  (1)  Miller  and  Ludvigh 


found  little  correlation  between  static  and  dynamic  acuity,  Burg  and 
llulhert  found  low  but  significant  correlations,  which  they  felt  were  due 
to  the  high  degree  of  similarity  between  the  static  and  dynamic  targets 
as  well  as  to  their  more  heterogeneous  subject  population.  (2)  Acuity 
for  a moving  target  deteriorates  markedly  and  progressively  as  the  angular 
velocity  of  the  target  increases.  (3)  Dynamic  visual  acuity  per  form. ince 
can  be  improved  both  through  practice  and  through  increased  illumination. 

Miller  and  t.udvigh  (1953)  also  found  superior  dynamic  acuity  scores 
to  result  from  relative  motion  in  the  vertical  plane,  in  comparison  with 
relative  motion  in  the  horizontal  plane.  Their  results  indicated  thresh- 
olds to  be  approximately  0.5  to  1.0  minute  of  arc  lower  in  the  vertical 
plane. 

Snyder  and  Greening  (1965)  reviewed  the  studies  by  Miller  and  Ludvigh 
and  Burg  and  Hulbert  and  noted  that  in  all  their  experimental  conditions 
the  distance  between  observer  and  target  remained  constant.  Although  the 
direction  of  motion  wan  varied  in  either  a vertical,  horizontal  or  cir- 
cular plane  about  the  observer’s  head,  stimulus  motion  toward  or  away 
from  the  observer  was  not  studied.  Snyder  and  Greening  (1965)  Included 
a component  of  motion  toward  the  observer  which  they  felt  was  meaningful 
since  in  most  practical  situations  the  target  does  not  remain  equidistant 
from  the  observer. 

Miller  and  Ludvigh  described  the  function  relating  dynamic  visual 
acuity  to  angular  velocity  by  a curve  of  the  form  Y * a + b X3,  where  Y 
is  the  visual  acuity  in  minutes  of  arc,  X is  the  angular  velocity  in 
degrees  per  second,  a is  the  intercept  constant  (representing  zero 
angular  velocity  — i.e.,  static  acuity),  and  b is  a curve  fitting  com- 
ponent which  varies  according  to  the  illumination,  direction  of  motion, 
and  other  conditions.  Snyder  and  Greening  used  a formula  of  the  same 
general  form  as  the  Miller  and  Ludvigh  formula. 

Figure  2-8  presents  both  an  average  that  was  determined  empirically 
for  the  Miller  and  Ludvigh  subjects  (adapted  by  Dugas,  1962)  and  the 
Snyder  and  Greening  results,  rcplotted  and  extended.  The  Miller  and 
Ludvigh  curve  is  represented  by  the  equation  Y « 3 + 2,9X10-6y.3  and  the 
Snyder  and  Greening  curve  is  represented  by  Y • 1 + 0.37  X2»34,  Snyder 
and  Greening  pointed  out  that  their  lower  static  threshold  was  probably 
due  to  conditions  in  their  study  such  as  high  contrast,  high  resolution 
and  low  glare  targets.  Note  that  since  the  functions  in  Figure  2-8  are 
positively  accelerated  curves  rather  than  straight  line  functions,  this 
figure  provides  an  example  of  the  non-linear  behavior  of  the  human  visual 
system . 

Dugas  (1962)  pointed  out  that  under  actual  flight  conditions  vibration 
effects,  atmospheric  attenuation,  low  contrast  targets  and  viewing  window 
distortions  would  reduce  dynamic  visual  performance.  She  cited  airborne 
tests  (e.g.,  Goodson  and  Miller,  1959)  that  have  indicated  operational 
thresholds  to  be  as  ouch  as  30  percent  greater  than  the  ideal  laboratory 
conditions . 
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Figure  2-8.  Dynamic  Acuity  as  a Function  of  Angular  Velocity.  Upper 
Curve  from  Dugas  (1962) j Lower  Curve  from  Snyder  and  Greening 
(1965) . Dashed  Portion  is  an  Extrapolation. 


2.2.3  Form  Perception 

Form  perception,  the  ability  to  distinguish  objects  on  the  basis  of 
shape,  depends  not  only  on  visual  acuity  but  also  on  the  observer's 
previous  experience.  The  way  in  which  we  perceive  forms  has  been  investi- 
gated for  years  by  psychologists.  Unfortunately,  the  literature  on  form 
perception  consists  primarily  of  basic  laboratory  experiments  and  con- 
tradictory theories.  Wulfeck  (1938)  pointed  out  that  although  there  is  a 
need  for  a clear  definition  of  the  characteristics  of  shapes  that  make 
them  easy  to  distinguish,  there  has  been  only  limited  success  in  analyzing 
this  type  of  discrimination. 

Basic  to  the  discussion  of  form  perception  is  the  psychological  con- 
cept of  figure  and  ground  (analogous  to  target  and  background).  Rubin 
(1915,  1921)  cited  by  Hochberg  (1971)  classified  some  of  the  striking  dif- 
ferences between  figure  and  ground  as  follows: 
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1.  The;  figure  lias  shape,  while  the  ground  is  relatively  shapeless. 

2.  The  ground  seems  to  extend  behind  the  figure's  edge. 

3.  Thus,  the  figure  has  some  of  the  character  of  a thing,  whereas 
the  ground  appears  like  unformed  material. 

A.  The  figure  usually  tends  to  appear  in  front,  the  ground  behind. 

5.  The  figure  IS  more  impressive,  more  apt  to  suggest  meaning, 
and  better  remembered. 

In  the  case  of  target  acquisition,  form  perception  is  inherently 
necessary,  but  little  has  heen  written  on  the  application  of  this  type 
of  perception  to  military  settings.  Shape  discrimination  becomes  more 
difficult  under  conditions  of  reduced  visibility,  where  the  outline  of 
the  shape  is  obscured,  such  aa  by  fog,  hare,  dust,  or  turbulent 
atmospheric  conditions  or  by  detection  at  long  distances,  rt  night,  or 
during  low  altitude  high  speed  reconnaissance. 

Zusne  (1970)  listed  several  classifications  of  form  perception  tasks 
in  military  and  industrial  settings  (see  Table  2-IV) . The  tasks  were 
based  on  the  discrimination  of  a figure  on  a noisy  ground,  with  the  noise 
varying  in  amount  and  degree  of  organization.  Visual  noise  is  defined 
here  as  unwanted  stimuli  in  the  scene  which  may  interfere  with  the 
acquisition  of  the  target. 

TABLE  2-IV 


Effects  of  Type  and  Degree  of  Noise  on 
Figure/Ground  Relationships  in  Military  Applications  . 


NOISE  TYPE 

EXAMPLE 

RESULT 

Noiseless 

Instruments,  scales 

Figure  stands  out  from  ground. 

Organized  Noise 

Aircraft  painted  with 
contour  camouflage 
patterns 

Ground  and  figure  appear  as 
one,  contours  blended. 

Random  Noise 

Jeep  viewed  in  rocky 
terrain 

Figure  obscured  by  noise  in 
ground  (depending  on  degree  of 
noise),  yet  they  are  separable. 

2. 3. A Brightness,  the  Effects  of  Contrast 

In  many  target  acquisition  situations  we  can  consider  acuity 
(especially  detection  acuity)  as  a form  of  brightness  discrimination. 
In  other  words,  we  consider  the  resolving  power  of  the  human  visual 
system  in  terns  of  the  amount  of  illumination  or  contrast  necessary  to 


cause  .tit  object  to  become  visible,  in  this  context  the  dependent  variable 
of  interest  is  the  amount  of  contrast  at  which  an  object  is  just  barely 
visil  1",  according  to  some  criterion,  such  as  detectable  on  DO  percent 
of  the  trials.  A considerable  amount  of  work  has  been  done  on  determining 
contrast  thresholds  and  a summary  of  this  data  is  necessary  to  understand 
the  target  acquisition  process.  The  following  presents  information  which 
is  important  in  understanding  the  interrelationships  between  the  several 
variables  of  importance.  The  data  are  important;  they  can  be  considered 
to  represent  a "best  case"  target  acquisition  situation,  from  which  real- 
world  capabilities  can  be  scaled  downward. 

Conirast  has  many  different  definitions.  The  definition  to  be  used 
here  is  that  used  by  Blackwell  (1946),  in  which 

C - Bt  - Bb 
»b 

where  C is  contrast,  Bt  refers  to  the  brightness  (or  luminance)  of  the 
target,  and  is  the  brightness  of  the  background  against  wh'ch  it  is 
viewed.  (In  subsequent  chapters,  if  not  otherwise  specified,  Blackwell's 
definition  of  contrast  is  used.)  With  this  formula  contrast  values  may 
be  either  positive  or  negative;  in  the  case  where  the  target  is  brighter 
than  the  surround,  C ranges  from  0 to  ~,  while  for  a target  dinener  than 
the  background,  C ranges  from  0 to  -1.  Frequently  no  distinction  is  mao*- 
between  targets  brighter  than  the  background  (sometimes  called  positive 
stimuli)  and  targets  darker  than  the  background  (negative  stimuli),  since 
little  difference  has  been  found  between  them  in  terms  of  the  detection 
thresholds  obtained.  An  exception  to  this  statement  occurs  with  large 
stimuli  and  low  background  luminances,  for  which  Blackwell  (1946)  has 
found  20  percent  lower  thresholds  for  negative  stimuli. 

By  far,  the  most  comprehensive  studies  of  contrast  thresholds  are 
those  performed  by  Blackwell  and  his  colleagues  initially  during  World 
Wav  II  at  the  Tiffany  Foundation.  The  typicul  procedure  involved  the 
direct  binocular  viewing  of  an  observation  screen  of  uniform  brightness, 
on  which  a circular  target  (darker  or  lighter)  would  be  superimposed. 

The  subject  was  required  to  indicate  whether  or  not  he  detected  the  pres- 
ence of  the  stimulus.  Contrast  threshold  was  defined  as  the  contrast 
resulting  in  a 50  percent  detection  probability. 

Blackwell  r.id  Taylor  (1969)  have  compiled  and  integrated  information 
from  many  separate  experiments.  Their  survey  involves  over  one  million 
separate  observations.  Figures  2-9  through  2-14  present  some  of  the  data 
most  applicable  to  the  subject  content  of  this  book.  Figures  2-9  and  2-10 
summarize  contrast  threshold  data  on  targets  appearing  in  the  most  favor- 
able location  (as  specified  by  the  subjects),  ond  with  unlimited  viewing 
time  (actually,  between  10  and  30  seconds,  as  further  increases  in  viewing 
time  did  not  increase  detection  probability).  The  two  figures  represent 
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. Consolidated  Data  for  Unlimited  Time  of'  Observation,  with 
Target  in  the  Host  Favorable  Possible  Location. 

(From  Blackwell  and  Taylor,  1989). 
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Background  Luminance  (x  1 ft-L  or  3.43  cd/ra  ) 

Figure  2-10.  Consolidated  Data  for  Unlimited  Time  of  Observation,  with  the 
Target  in  the  Most  Favorable  Possible  Location. 

• (From  Blackwell  and  Taylor,  1969). 
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Figure  2-11.  Consolidated  Data  for  1 Second  Exposure  with 
the  Target  Directly  on  the  Visual  Axis. 

(From  Blackwell  and  Taylor,  1969). 
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Figure  2»13.  Consolidated  Data  for  O.Cl  Second  Exposure 
with  the  Target  Directly  on  the  Visual  Axis. 

(Fran  Blackwell  and  Taylor,  1969) . 
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the  same  tlat a , plotted  hi  different  ways.  These  figures  illustrate  the 
Importance  t>f  two  prime  act etiuIinuUti  of  detection:  background  luminance 
and  target  size.  It  may  h>'  aeon  lltat  as  background  luminance  increases 
over  a range  of  nine  lug  units,  detectability  ns  measured  by  threshold 
contrast  improves  by  a factor  of  from  two  to  over  four  log  units.  As 
target  size  increases,  detectability  increases,  up  to  a print;  beyond  a 
size  of  about  2°  (log  target  area  of  approximately  4.0),  the  effect  is 
negligible,  except  at  low  background  luminances.  The  discontinuities  in 
some  of  the  curves  of  Figure  2-10  are  due  to  a shift  in  the  preferred 
target  location.  At  higher  background  luminances,  on-axis  (foveal) 
locations  were  preferred,  while  oif-axis  locations  were  favored  at  low 
luminances. 

Figures  2-11  through  2^13  prusent  a family  of  curves  in  which  the 
target  was  always  presented  where  the  subject  was  fixating  (on-ax i a 
location).  The  threa  figures  represent  different  durations  of  stimulus 
presentation,  from  1 second  to  0.01  second.  The  maximum  target  size  em- 
ployed in  these  studios  was  a disc  vith  a diameter  of  1*,  in  order  to 
ensure  that  all  targets  foil  within  the  foveal  area.  These  figures  are 
straightforward  and  demonstrato  that  for  a given  target  size  and  back- 
ground luminance,  the  contrast  must  be  Increased  in  order  for  a target  to 
be  seen  at  progressively  shorter  durations. 

Finally,  Figure  2-14  prononta  data  showing  the  extent  to  which  de- 
tection performance  changes  ns  the  target  is  presented  farther  and  farther 
off  the  visual  axis.  The  data  presented  arc  for  one  target  size  (1  minute 
disc  diameter),  and  one  observation  time  (0.01  second).  It  may  be  seen 
that  this  function  is  strongly  related  to  the  level  of  background  luminance, 
with  foveal  presentation  resulting  in  beat  detection  at  high  lum, nances, 
and  poor  detection  at  low  luminances.  This  phenomenon  is  well  known  and 
of  considerabJc  practical  importance  in  target  acquisition.  It  means 
that  individuals  performing  detection  tasks  at  night  (e.g.,  observers, 
night  sentries)  must  learn  not  to  look  directly  at  very  dim  objects,  but 
vather  look  slightly  to  one  side.  As  Blackwell  and  Taylor  point  out, 
off-axis  data  are  stili  relatively  incomplete,  and  further  research  is 
progressing  along  these  lines? 

The  above  figures  hive  presented  some  of  the  information  needed  to 
describe  the  general  detect iou  characteristics  of  the  human  visual  system. 

U shouH,  hcHever,  be  noted  that  these  data  by  themselves  may  have  little 
practical  utility  «e  hard  and  fast  guides  to  expected  performance  in 
acctnal  operational  situation#.  In  the  laboratory  environment  the  subject 
is  aware  r.hat  a target  1*  *bout  to  be  presented  (and  in  many  cases  he 
knows  where  it  will  appear);  tha  target  Is  regular  in  shape;  it  is  seen 
a ut^form  background?  forced  choice  ia  used  and  mony  of  the  en- 
vironmental conditions  ftra  unrealistic  front  an  operational  standpoint, 
such  as  the  lack  of  noise?  motion,  vibration,  distraction,  and  stress. 

The  philosophy  supporting  tha  laboratory  approach  has  been  that  by  col- 
lecting a great  deal  of  data  under  very  carefully  controlled  conditions, 
a useful  reference  base  may  bo  established,  to  which  various  correction 
factors  may  bo  applied  tc  predict  detectability  under  dilforent  conditions 


I 


.'I  Interest.  I**»r  example,  In  discussing  some  studies  invest  igat  I ng  t.ir- 
>to  l detection  with  non-uniform  backgrounds,  Blackwell  and  Taylor  (1909) 
surest  that  "...the  most  Important  eonsider.it ion  Is  the  luminance  con- 
£ ttrast  existing  between  the  target  edge  and  its  immediate  background. 

Data  t'blained  with  backgrounds  of  uniform  luminance  represent  this  case 
well,  it  Is  almost  certain  that  background  luminance  non-unlformlty 
will  it  fleet  target  detectability  to  an  appreciable  extent  under  some  con- 
ditions, but  again  It  appears  likely  that  the  effect  can  be  taken  Into 
account  as  a correction  factor  applied  to  t lie  data  obtained  with  uniform 
backgrounds."  One  attempt  to  apply  correction  factors  to  laboratory  data 
Is  that  of  Davies  (1965),  who  discusses  the  similarities  and  differences 
among  a number  of  laboratory  detection  experiments,  in  terms  of  the 
experimental  procedures  employed,  and  compares  laboratory  data  with  data 
obtained  from  some  actual  flight  experiments.  Hlo  paper  is  a good  source 
of  information  on  which  data  to  employ,  and  which  conversion  factor  to 
apply,  depending  upon  the  type  of  situation  for  which  one  wishes  to  pre- 
dict thresholds.  As  a general  guide,  Davies  recommends  the  addition  of 
0.75  log  units  to  the  contrast  threshold  curves  for  the  0.33  second 
fovea  I viewing  situation. 

There  are  many  studies  that  have  tried  to  bridge  the  gap  between 
well  controlled  laboratory  and  the  highly  complex  real  world  situation. 

I Many  of  these  studies  will  be  noted  throughout  this  book.  But  there  is  . 

• no  question  that  there  are  still  a great  many  gaps  in  our  und-'-^anding 

of  the  stimulus  factors  influencing  detection.  What  Becms  to  b.  needed 
is  an  analytic  approach  by  which  a target  and  its  environment  can  be 
characterized,  and  which  will  permit  the  prediction  of  the  response  of 
the  visual  system  to  a wide  variety  of  intensity  distributions.  One 
such  approach  will  he  discussed  in  the  last  sections  of  this  chapter 
which  provide  an  introduction  to  the  application  of  Fourier  analysis 
techniques  to  human  vision.  It  is  hoped  that  this  approach  will  prove 
to  be  the  unifying  concept  for  much  of  the  material  in  this  book. 

2 . 4 Temporal  Variation 

t 

''  This  section  will  present  basic  information  pertinent  to  an  under- 

standing of  some  of  the  temporal  properties  of  the  human  visual  system. 
Thus,  it  is  analogous  to  the  previous  section,  which  dealt  with  visual 
response  to  spatial  variations,  Further  Information  concerning  the 
sensitivity  of  the  visual  system  will  be  presented,  followed  by  a dis- 
cussion of  dark  and  light  adaptation,  glare,  flashblindness,  and  the 
perception  of  flicker. 

2.4.1  Sensitivity  of  the  Visual  System 

As  discussed  earlier,  there  are  two  types  of  light-sensitive  receptor 
cells  located  in  the  foveas  the  cones  which  function  during  relatively 
high  illumination  levels  (pliotopic  vision),  and  Che  rods  which  function 
during  low  levels  of  illumination  (ocotopic  vision).  Upon  entering  a 


dark  room  f rom  broad  daylight  there  is  not  an  immediate  switch  from  cone 
to  rod  vision  and  It  is  difficult  to  see  much  of  anything  for  a few 
minutes.  Visibility  gradually  increases,  until  the  surroundings  arc  more 
readily  perceived;  the  visual  system  has  thus  become  adapted  to  the  new 
level  of  illumination.  Convers t ly * if  the  individual  leaves  a dark 
room  for  broad  daylight,  vision  may  again  be  impaired  until  the  system 
is  light  adapted.  The  entire  range  of  luminance  to  which  the  visual 
system  Is  capable  of  responding  is  on  the  order  of  eight  log  units  or  a 
ratio  of  100,000,000:1,  When  luminance  gradually  decreases  from  afternoon 
through  twilight  to  night  time  levels,  the  transition  from  cone  to  rod 
vision  is  comparably  gradual,  the  transition  zone  being  known  as  mesopic 
vision. 

The  eye  is  not  equally  sensitive  to  radiant  energy  from  all  parts 
of  the  visual  spectrum,  nor  are  the  cones  and  rods  maximally  sensitive 
to  energy  at  the  same  wavelengths.  The  relationship  between  rod  and  cotie 
vision  has  been  studied  by  many  investigators  and  typically  quantified 
in  the  form  of  photopic  and  scotopic  relative  luminosity  curves.  Figure 
2-15  presents  the  relative  amounts  of  radiant  flux  required  for  both 
cone  and  rod  thresholds  for  wavelengths  between  400  and  7Q0  nra.  The 
scotopic  curve  is  based  on  subjects'  responses  to  discrete  wavelengths 
along  the  spectrum  while  the  eyes  are  dark  adapted.  The  photopic  curve 
in  Figure  2-15  was  determined  when  the  stimulus  intensity  was  well  above 
cone  threshold.  Thus,  the  scotopic  curve  represents  rod  sensitivity  to 
the  spectrum  while  the  photopic  curve  represents  sensitivity. 


Figure  2-15.  Relative  Radiant  Flux 
Required  to  Stimulate  the  Cones 
and  Rods  Along  Different  Wavelengths 
(From  Chapanis  1949) . 


WIumi  examining  Figure  2-15,  it  Is  obvious  tluit  not  only  arc  the  roils 
sensitive  to  lower  levels  of  illumination  than  the  cones,  but  the  rods 
are  most  sensitive  to  energy  around  510  nm  (green  region),  while  the 
eones  .ire  most  sensitive  to  555  nm  (yellow-green  region).  This  shift  in 
maximum  sensitivity,  called  the  Purkinje  shift,  can  he  perceived  in 
twilight.  The  result  of  the  Purkinje  shift  is  that  under  Bcotopic  visual 
situations,  green,  blue-green,  and  blue  objects  appear  relatively 
brighter  than  they  do  under  photopic  levels  of  illumination.  Therefore, 
although  various  colored  lights,  for  example,  may  appear  equally  bright 
at  night  from  a particular  distance,  t lie  blue,  blue-green,  and  green 
lights  will  be  visible  for  much  greater  distances  than  other  colors. 

The  vertical  distance  between  the  rod  thresholds  and  cone  thresholds 
in  Pigure  2-15  is  called  the  photochromatic  interval.  It  represents  in- 
tensities that  ere  above  rod  threshold  so  that  light  is  perceived,  but 
below  cone  threshold,  so  that  the  light  is  colorless.  The  photochromatic 
interval  represents  the  logarithm  of  the  ratio  of  cone  threshold  to  rod 
threshold  for  each  wavelength.  Thus,  the  interval  represents  the  factor 
by  which  the  radiance  must  be  multiplied  to  pass  from  colorless  vision 
to  color  vision  (Graham  1965b). 

There  are  stimulus  variables  other  than  wavelength  that  affect  thresh- 
old measurements  for  the  rods  and  cones.  These  variables  Include  the 
position  of  the  light  on  the  retina,  the  size  of  the  retinal  area  which 
is  stimulated,  and  the  duration  of  the  test  stimulus. 

Position  on  the  Ketina,  In  order  to  measure  cone  threshold,  the 
stimulus  light  is  directed  on  the  fovea,  where  rods  ore  completely  absent. 
Rod  thresholds  should  be  measured  where  the  rods  are  packed  -ost  densely, 
an  area  20  degrees  outward  from  the  fovea.  Hecht  et  al.  (Cornswcct,  1970) 
presented  their  subjects  with  dim  point  sources  of  light  to  fixate  upon, 
while  the  test  stimulus  was  flashed  20  degrees  from  the  fixation  point, 
in  order  to  stimulate  the  rods. 

Size  of  the  Area  Stimulated.  As  mentioned  previously  in  this  chapter, 
many  rods  connect  into  one  nerve  fiber.  In  the  area  where  the  rods  are 
most  dense,  the  rod-to-nerve  cell  ratio  is  about  3Q0tl.  Hecht  et  al. 
(Cornswcet,  1970)  determined  that  as  long  as  the  test  light  diameter  is 
less  than  about  10  minutes  of  arc  the  total  light  energy  necessary  for  a 
sensation  is  independent  of  the  diameter  of  the  stimulus.  This  phenomenon 
is  called  spatial  summation.  As  the  stimulus  diameter  increases  above  10 
minutes,  the  threshold  energy  will  also  increase. 

Duration  of  Test  Stimulus.  As  long  as  the  test  stimulus  is  presented 
for  no  longer  than  about  0.1  second,  its  actual  duration  has  no  effect 
on  threshold,  provided  the.  total  amount  of  energy  in  Che  flash  remains 
constant.  When  the  duration  exceeds  0.1  second,  progressively  larger 
total  amounts  of  light  energy  will  be  required  for  the  stimulus  to  be 
perceived.  This  process,  temporal  summation,  which  is  analogous  to 
apatial  summation,  will  be  discussed  later  in  this  chapter. 


2 . A . .!  P.iiU  Ail.tpt .it  Ion 

Although  vision  is  most  acute  In  daylight,  there  are  times,  such  as 
flying  .it  night,  wl’.vn  the  eye  must  function  (luring  scotopir  levels  of 
11 lumln.it  Ion.  In  order  for  the  eye  to  function  at  Its  maximum  potential, 

It  must  he  adapted  to  the  dark.  There  are  two  steps  In  dark  adaptation: 
Initially  there  la  a rapid  decrease  in  threshold,  leveling  off  after 
about  10  minutes,  followed  by  a more  gradual  decrease  In  threshold  which 
continues  for  about  30  minutes.  Dark  adaptation  occurs  separately  for 
each  eye  and  is  virtually  complete  after  AO  minutes. 

The  Initial  rapid  phase  is  due  to  the  cones  adapting  to  the  decreased 
Illumination,  while  the  secondary  phase  represents  the  adaptation  of  the 
rods,  which  have  an  extensive  range  of  adjustment  compared  to  the  cones. 
Figure  2-16  shows  average  dark  adaptation  curves  as  measured  with  bIx 
test  flashes  of  different  wavelengths  (Bartlett,  1965).  The  breaks  In 
the  curves,  centered  around  10-15  minutes,  and  the  subsequent  drop  in 
thresholds,  show  the  transition  between  the  cones  and  rods.  The  extreme 
red,  Rj,  does  not  clearly  ehow  a transition  from  cones  to  rods,  and  it  is 
believed  that  the  entire  function  of  Rf  reflects  cone  activity  solely,  A 
practical  application  of  the  eye's  response  to  the  long  wavelengths  Is  In 
the  use  of  red  illumination  or  red  goggles  to  preserve  the  dark  adapted 
state.  Refer  again  to  Figure  2-15  and  note  that  the  function  of  the  rods 
doo:i  not  extend  beyond  approximately  675  nra.  However,  since  the  rods  are 
not  sensitive  in  this  region,  they  will  adopt  to  the  dark  as  if  there  were  no 
light  present,  Thus,  when  it  becomes  necessary  to  see  in  the  dark,  the 
rods  arc  already  adapted  and  immediate  night  vision  will  not  be  Impaired. 


Figure  2-16.  Average  Dark- 
Adaption  Curves  as  Measured 
with  Six  Different  Colored 
Flashes 

{From  Bartlett  1965) 


*1  » Ektr«t»  red , lowir  wivaltngth  Halt  «t  toCO  n* 

K|{  -A  bind  bitvajn  620  md  700  no,  ptiktng  it  6))  tia 

Y - A bind  bitvain  565  and  620  ns,  peiMn*  it  67)  ns 

C - A bind  batuien  At)  tnd  570  no,  puking  at  520  n» 

V - A band  with  no  vavilansth  longir  thin  485  n« 

U - Th*  full  ipactrua  of  wivilongth* 


"I  hero  are  several  stimulus  factors  that  affect  dark  adaptation,  in- 
cluding: wavelength  of  t he  test  flash  (Illustrated  in  Figure  2-16) i the 

brightness  of  the  adapting  light,  and  the  duration  of  t ho  adapting  period. 
The  effects  of  the  latter  two  variables  are  dlacusbcd  below. 


I.uinl nance  of  the  Adaptation  Li--  t.  Prior  to  measuring  the  length  of 
time  necessary  for  complete  dark  adaptation,  subjects  ure  normally  re- 
quired to  fixate  upon  an  adapting  light  for  a standard  length  of  time. 

As  the  luminance  of  the  adapting  light  decreases,  the  time  required  for 
complete  dark  adaptation  decreases. 


Duration  of  the  Adaptation  Period.  The  relationship  between  adapta- 
tion duration  and  the  time  required  for  complete  dark  adaptation  is  clear: 
the  shorter  the  pre-adapting  duration,  the  sooner  dark  adaptation  is  com- 
plete (Chapanis,  1949), 


These  two  effects  can  be  reciprocally  manipulated  in  that  within 
certain  limits  the  same  effect  can  be  produced  by  a dim  pre-adapting 
light  presented  for  n relatively  long  time,  or  by  an  intense  flash  pre- 
sented for  a short  time. 


2.4.3  Light  Adaptation 

The  phenomenon  of  light  adaptation  may  be  considered  to  be  the  op- 
posite of  dark  adaptation.  If  the  eye  is  presented  with  a light  of  a 
different  intensity  than  that  to  which  it  was  previously  exposed,  it  im- 
mediately begins  a process  of  either  light  or  dark  adaptation,  depending 
on  whether  the  second  light  was  more  or  less  intense  than  the  first. 

In  terms  of  the  photochemistry  of  vision,  this  may  be  thought  of  as  an 
attempt  to  reach  a steady-state  value  of  bleached  photopigment.  Light 
adaptation  is  of  great  importance  to  the  understanding  of  the  underlying 
chemical  and  neurophysiological  processes  of  vision,  but  is  of  lesser 
practical  Importance  than  dark  adaptation.  The  importance  of  light 
adaptation  is  noted  occasionally  in  everyday  life,  as  when  emerging  from 
a darkened  theater  into  bright  sunlight.  The  immediate  impression  is  one 
of  heightened  brightness,  in  which  it  is  difficult  and  sometimes  painful 
to  fixate  on  objects  of  to  keep  the  eyes  open.  The  effect  dissipates  st 
a very  rapid  rate,  in  comparison  with  the  rate  of  dark  adaptation.  In- 
vestigators have  employed  numerous  techniques  to  study  effects  during 
light  adaptation,  and  tha  time  course  of  adaptation  depends  greatly  on 
the  mathod  employed.  Perhaps  the  simplest  method  is  to  describe  light 
adaptation  in  terms  of  the  apparent  brightness  of  a light  presented  to 
u dark-adapted  eye  for  different  lengths  of  time.  The  apparent  brightness 
of  this  adapting  light  is  determined  by  requiring  the  subject  to  adjust 
the  brightness  of  a light  presented  to  the  other  eye  (which  was  not  in 
the  dark)  until  a match  is  achieved.  When  measured  in  thie  fashion, 
light  adaptation  is  virtually  complete  after  1-3  minutes.  For  a discus- 
sion of  other  procedures,  see  Bartlett  (1965). 


A glare  source  may  hi*  defined  ns  u source  of  light  sufficiently 
hr « gnter  than  the  eye's  level  of  adapt at ion  so  that  annoyance,  discomfort 
or  loss  in  visual  performance  and  visibility  occurs.  There  are  two  types 
of  glare:  direct  glare,  caused  hy  light  sources  In  the  visual  field, 

and  ret  looted  or  specular  glare,  caused  by  high  Intensity  reflections 
from  glossy  surfaces.  Clare  causes  an  Inhibition  of  the  retinal  receptor 
cells  and  the  surroundings  are  perceived  to  be  dimmer  than  they  would 
otherwise  appear.  Clare  destroys  dark  adaptation,  and  the  length  of 
time  vision  is  impaired  is  dependent  upon  the  intensity  of  the  glare 
source  as  well  as  its  duration. 

McCormick  (1970)  reported  a study  in  which  subjects  viewed  test 
targets  with  a glare  source  of  a 100-watt  inside-frosted  tungsten  filament 
lamp  In  various  positions  In  the  visual  Held.  The  test  targets  were 
parallel  bars  varying  in  else  and  target-to-background  contrast.  The 
source  of  glare  was  varied  in  position,  In  relation  to  the  direct  line  of 
vision,  l.e.,  5*,  10*,  20®,  and  40*  from  the  Hne  of  vision.  The  results 
were  presented  as  the  effect  of  glare  on  visutl  performance,  shown  as  a 
percentage  of  the  visual  effectiveness  possible  without  the  glare  source. 
It  was  shown  that  at  a visual  angle  of  40*,  visual  effectiveness  was  58%, 
and  at  an  angle  of  5*,  visual,  performance  was  reduced  t n 16%. 

Morgan  et  al.  (1963)  listed  several  methods  to  reduce  the  effects  of 
both  direct  and  reflected  glare.  Direct  glare  may  be  reduced  by:  (1) 

avoidance  of  bright  light  sources  within  60*  of  the  center  of  vision; 

(2)  use  of  shields,  hoods,  and  visors  to  keep  direct  light  from  the  ob- 
server's eyes;  (3)  use  of  indirect  lighting;  end  (4)  use  of  several  low- 
Intensity  light  sources  rather  than  one  high-intensity  light,  source. 
Reflected  glare  may  be  reduced  by:  (1)  use  of  diffuse  light;  (2)  use  of 

dull,  mat  surfaces  rather  than  polished  surfaces;  and  (3)  arrangement  of 
direct  light  sources  so  that  the  viewing  angle  to  the  work  area  is  not 
equal  to  the  angle  of  incidence  from  the  source. 

2.4.5  Flashhi lndncsB 

Flashblindness  may  be  defined  as  a temporary  loos  of  vision  following 
exposure  to  an  intense,  flash  of  light,  from  which  an  afterimage  develops. 
The  afterimage  is  perceived  es  a bright  area,  which  persists  for  some 
time  after  the  flash,  and  is  the  same  oixe  and  shape  as  that  of  the  flash 
field.  The  afterimage  does  not  have  to  disappear  entirely  ir.  order  for 
the  observer  to  perceive  a target;  the  extent  to  which  it  muBt  decay  de- 
pends upon  target  characteristics.  The  decayed  afterimage  may  be  likened 
to  a veil,  in  that  the  observer  feels  he  is  ’’looking  through"  iC  ro  per- 
ceive the  target. 

The  incapacity  and  recovery  from  n flesh  tnuis.  be  measured  in  terr.s  of 
some  specific  visual  task,  and  thus  will  vary  in  duration  according  ti  the 
nature  of  the  ta6k. 


Several  military  situations  in  which  f lashhl lndness  could  occur 
include  flashes  from  projectiles,  tracer  bullets,  incendiary  weapons, 
enemy  anti-aircraft  lights,  missile  motors,  and  nuclear  explosions  (Jayle 
et  al,  1959).  Several  parameters  aflect  recovery  time  from  f lashblindness; 
these  may  be  divided  into  stimulus  and  tosk/observer  variables. 


2.4.5. 1 Stimulus  variables 

Flash  intensity.  In  general,  as  the  intensity  of  the  flash  increases, 
the  recovery  time  from  the  flash  increases. 

Flash  duration.  The  duration/recovery  time  relationship  is  similar 
to  the  intensity/ recovery  time  relationship,  i.e.,  the  longer  the  flash 
duration,  the  longer  the  recovery  period. 

2.4. 5. 2 Task/observer  variables 

Target  luminance.  In  general,  visual  reaction  tine  will  decrease  to 
a minimum  value  with  an  increase  in  the  luminance  of  the  target. 


Target  size.  A3  the  size  of  the  visual  angle  sub  ended  by  the  target 
Increases,  recovery  time  will  decrease. 


Adaptation  level  of  the  eye.  With  an  increase  in  the  adaptation 
level  of  the  eye,  recovery  time  will  increase. 

The  effects  of  flash  intensity,  flash  duration,  and  adaptation  level 
of  the  eye  can  be  well  predicted  from  a knowledge  of  certain  photochemical 
mechanisms  of  the  eye.  This  area  is  outside  the  realm  of  this  book;  how- 
ever, should  the  reader  wish  to  pursue  the  subject,  see  Graham  (1965c), 
and  Cornswcet  (1970). 


Miller  (1965a)  noted  that  recovery  times  for  the  detection  of  various 
kinds  of  targets  and  levels  of  target  luminance  may  be  generalized  by 
specifying  the  equivalent  field  illuminance  for  threshold  of  the  targets, 
The  equivalent  field  Illuminance  is  the  retinal  illuminance  at  vhieh  a 
target  can  be  detected  when  viewed  against  a uniform  field.  In  addition, 
she  found  that  recovery  time  is  related  to  tbs  afterimage  brightness  de- 
cay, which  is  a function  of  the  amount  of  bleaching  of  photooigaent . The 
afterimage  reduces  perceived  contrast  in  much  the  same  faanr.er  as  the 
addition  of  n uniform  luminance  over  the  display.  Among  many  other 
sources  on  the  effects  of  flashblindness  on  visual  performance  are  Hill 
and  Cbisura  (1962),  Severln  ct  el.  (1963),  Fry  nr. d Miller  (1964).  Crown 
(1964  a,b),  and  Miller  (1965b). 


There  are  methods  which  may  lessen  the  degree  of  flashblindneoe. 
Jayle  ct  al.  (1959)  recommended  closing  of  one  eye  or  lateral  fixation 
in  the  external  field  of  vision  to  protect  against  vision  impairment. 


The  Uho  of  f 1 Iter  goggles  has  also  beer,  suggested.  A trade-off  exists 
with  goggle  usage,  however.  The  greater  the  density  of  the  goggles,  the 
greater  the  protection  afforded;  yet,  If  the  available  light  Is  low,  dense 
goggles  would  seriously  impair  visual  performance.  Although  other  pro- 
tective devices  arc  under  development,  there  is  no  reliable  operational 
device  at  this  time  to  prevent  temporary  f lashblindness. 

2.4.6  Critical  Fusion  Frequency  (CPF) 

This  section  discusses  an  Important  aspect  of  the  human  visual 
response  to  temporal  variations  — namely,  the  perception  of  flicker. 

An  understanding  of  the  variables  affecting  flicker  Is  important  because 
of  their  relevance  to  later  discussions  of  certain  display  parameters. 

The  study  of  flicker  Is  a means  of  determining  the  temporal  acuity  of 
the  virtual  system.  As  In  studies  of  spatial  acuity,  the  procedure  has 
traditionally  been  to  employ  square  wave  stimuli  — that  Is,  stimuli  that 
alternate  between  two  levels  of  Intensity  in  an  abrupt  manner.  When  a 
series  of  equally  spaced  flashes  of  light  is  presented,  the  perception 
of  flicker  is  likely  to  occur.  If  the  frequency  of  alternations  is  in- 
creased, there  Is  a point  a,  which  the  separate  flashes  will  not  be  per- 
ceived, and  a steady  sensation  of  brightness  will  occur.  The  point  at 
which  flicker  ceases  to  occur  is  known  as  the  critical  fusion  frequency 
(CFF) . Unlike  many  other  threshold  measures  in  psychophysics,  the  CFF 
can  be  specified  quite  precisely  for  a given  set  of  conditions.  There 
are,  however,  several  parameters  that  have  a strong  effect  on  the  CFF. 

The  most  important  of  thec°  parameters  are  reviewed  below.  For  c dis- 
cussion of  other  variables  that  have  been  studied  (e.g.,  surround 
luminance,  monocular  vs.  binocular  stimulation,  duration  of  exposure) 
sec,  for  example,  Brown  (1965a), 

The  Intensity  of  the  flashing  light  is  probably  the  most  important 
determiner  of  the  CFF.  The  CFF  can  range  from  60  Hz  at  very  high 
luminance  levels,  down  to  less  than  10  Hz  at  scotopic  levels  of  stimu- 
lation. Figure  2-17  shows  this  relationship  for  a 19*  stimulus,  and  for 
each  of  seven  stimulus  wavelengths.  The  abscissa  Is  scaled  in  terms  of 
retinal  illuminance,  which  is  merely  the  product  of  stimulus  luminance 
and  pupil  diameter  (ace  Table  2-11).  It  is  seen  that  in  the  photopic 
region  there  is  an  approximately  linear  relation  between  CFF  and  log  il- 
luminance over  a considerable  range-,  and  the  relationship  is  largely 
unaffected  by  the  color  of  the  stimulus.  At  low  illuminance  levels,  the 
rcd-cone  break  is  evident,  and  wavelength  factors  become  important. 

Another  variable  of  importance  is  the  size  of  the  stimulus.  A 
number  of  studies  have  shown  that  the  effect  of  increasing  the  stimulus 
size  is  to  enhance  the  perception  of  flicker.  For  a range  of  1*  up  to 
about  50*,  it  has  been  found  that  there  is  an  approximately  linear  re- 
lation between  CFF  and  log  stimulus  area  (Brown,  1965a). 

The  retinal  locus  of  stimulation  has  been  studied  by  numerous  in- 
vestigators, with  respect  to  tKe  CFF.  It  is  not  easy  to  summarize  the 


ri-sult'i,  .in  several  f .ict or ii  Internet  to  determine  the  nature  of  the  re- 
lationship. At  low  test  luminances,  flicker  is  perceived  at  higher  flash 
rates  in  the  periphery,  while  the  fovoal  region  is  more  sensitive  at  high 
luminances.  The  effect  is  further  complicated,  however,  by  the  size  of 
the  stimulus.  For  very  small  stimuli  (e.g.,  12  minutes  in  diameter), 
fovea l CFF’s  are  usually  higher,  while  for  test  fields  above  about  2‘, 
peripheral  CFF’h  arc  higher.  For  a summary  of  several  studies,  see  Brown 
(1965a). 


Figure  2-17.  Relationship  Between  CFF  and  log  Retinal 
Illuminance,  for  Seven  Wavelengths. 

(From  Hocht  and  Shlaer,  1936). 

Although  the  most  common  temporal  pattern  used  in  flicker  experiments 
consists  of  equal  light-dark  intervals,  f.  wide  variety  of  light/dark 
ratios  has  been  investigated,  along  with  different  waveforms  such  as  saw- 
tooth patterns,  etc.  For  a given  stimulus  luminance,  as  the  light/dark 
ratio  changes,  the  average  luminance  of  the  display  changes  sb  well.  To 
compensate  for  this  change,  the  luminance  of  the  stimulus  may  be  increased 
or  decreased,  so  that  the  average  display  luminance  remains  constant.  In 
studies  where  such  a procedure  is  followed,  the  usual  finding  is  that  as 
the  ItRht/dark  ratio  increases  the  CFF  decreases.  When  the  average 
luminance  changes  along  with  the  light/dark  ratio,  the  effect  is  more 
complex.  The  Issue  is  further  complicated  by  other  variables  that  also 
have  an  effect,  euch  os  area  of  the  test  stimulus.  It  has  been  argued, 
however  (Cornsweet,  1970),  that  many  of  the  studies  that  investigated 
some  aspect  of  the  temporal  waveform  were  unnecessary,  in  that  the  results 
could  have  been  predicted  from  an  understanding  of  the  modulation  transfor 
function  (HTF)  of  the  human  visual  system.  The  last  sections  of  this 
chapter  present  a brief  discussion  of  the  application  of  Fourier  analysis 
techniques  to  an  understanding  of  the  properties  of  the  visual  system, 

2.5  Color  Perception 


In  section  2.1.2  the  topic  of  color  waa  discussed  in  terms  of  the 
physical  correlates  of  the  psychological  dimensions,  hue,  saturation, 


and  Intensity.  This  section  den Is  with  some  of  the  parameters  tliat  af- 
fect color  perception.  One  source  for  a further  treatment  of  certain 
topics  of  color  perception,  including  a discussion  of  some  physiological 
data,  Is  a publication  by  Sheppard  (1966).  Other  more  comprehensive 
sources  Include  Burnham  et  al.  (1963)  and  Wyszecki  and  Stiles  (1967). 

2.5.1  Color  PlscriMlnatlon 

We  learn  from  early  childhood  that  different  hues  are  called  by  dif- 
ferent names.  Cultural  influences  dictate  to  a great  degree  the  verbal 
distinctions  made  between  different  hues.  For  example,  some  tribes  in 
Australia  have  only  three  color  responses!  one  for  red,  purple  and  orange, 
one  for  white,  yellow,  and  green,  and  another  for  black,  blue,  and  violet. 
(Graham,  1965b),  Occupations  also  influence  the  variety  of  color  names 
we  employ;  an  artist  is  likely  to  have  a much  larger  repertoire  of  color 
iabela  than  for  example,  an  engineer  or  truck  driver. 

Many  researchers  have  determined  hue  discrimination  threshold  curves. 
The  thresholds  are  usually  derived  by  determining  the  magnitude  of  the 
wavelength  difference  between  a standard  stimulus  and  a test  stimulus 
which  an  observer  can  discriminate  50  percent  of  the  time.  Although  the 
results  differ  somewhat  between  studies,  the  major  characteristics  of 
the  data  may  be  anticipated  by  an  examination  of  the  spectrum.  The 
minimum  thresholds  appear  in  two  regions,  namely  where  there  is  a rapid 
change  of  hue.  In  the  yellow  region,  where  the  color  appears  redder  on 
one  side  and  greener  on  the  other,  and  in  the  blue-green  region  where  it 
appears  greener  on  one  side,  bluer  on  the  other,  minimum  discrimination 
thresholds  may  be  anticipated,  The  threshold  is  much  lower  when  the  task 
is  to  discriminate  between  hues  rather  than  to  name  colors  differentially. 
In  other  words,  the  observer  is  able  to  perceive  hue  differences  when  he 
cannot  report  different  color  names.  Figure  2-18  illustrates  the  dif- 
ferential thresholds  for  hue  discrimination  across  the  visible  spectrum. 
Saturation  discrimination,  to  a degree,  also  varies  with  wavelength,  but 
not  to  the  same  extent  as  hue  discrimination.  It  has  been  determined 
that  red  or  blue  contain  more  noticeable  different  saturation  steps  than 
yellow,  orange,  or  yellow-green.  Thi*,  of  course,  is  almost  the  reverse 
of  what  has  been  found  for  hue  discrimination. 


The  correspondence  between  wavelength  and  hue  ie  not  always  invariant. 
F.xcept  for  discrete  wavelengths  along  the  spectrum  which  do  not  vary 
(l.e.,  yellow,  572  nm;  green,  503  nm;  and  blue,  478  nm),  all  colors  when 
increased  in  intensity  will  shift  aiighciy  towards  either  blue  or  yellow. 
This  phenomenon  is  known  as  the  Betold-Brucke  effect  (Geldard,  1953). 
Intensity  may  also  affect  the  saturation  of  a colored  stimulus,  as  well 
as  its  hue.  If  the  intensity  of  a monochromatic  light  is  increased  or 
decreased  from  its  optimal  level,  the  saturation  of  that  light  decreases 
(Osgood,  1953). 

There  are  also  observer  variables  which  may  affect  color  perception. 
The  following  variables  are  the  major  ones  (Rusis,  1966): 


Individual  Differences.  As  mentioned  previously,  not  only  culture 
but  occupations  affect  color  perception,  and  individuals  vary  widely  in 


their  ability  to  perceive  color.  Tills  variability  appears  to  be  highly 
dependent  on  the  individual's  observational  attitude. 

beaming  Effects.  An  observer  is  able,  with  practice,  to  increase 
considerably  the  number  of  colors  he  is  capable  of  discriminating.  However, 
if  the  skill  Is  not  used,  it  is  quickly  lost. 


Figure  2-10.  Wavelength  Discrimination.  The  Chango  in 
Wavelength  Which  Can  be  Just  Detected  (ZA)  is  Plotted 
as  a Function  of  Wavelength  (1),  (From  Celdard,  1953). 

2.5.2  Environment  and  Color 


Some  effects  on  color  perception  result  from  parameters  within  the 
environment  other  than  those  pertinent  to  the  individual  observer.  The 
major  considerations  ere« 

Stimulus  Size.  In  general,  the  larger  the  vi&ual  angle  subtended 
by  a stimulus,  the  brighter  the  perceived  color.  In  the  cose  of  targets 
subtending  very  small  visual  angles,  an  achromatic  perception  (i.e., 
without  hue)  may  result  (Rusis,  1966} , 

Stimulus  Distance,  Because  of  atmospheric  scattering,  relatively 
dark  objects  typically  appear  bluish  in  the  distance,  while  relatively 
bright  objects  appear  to  look  orange  or  reddish  (Burnham  et  al.»  1963), 

Time.  The  amount  of  time  normally  required  for  a steady  light  to 
elicit  a color  percept  is  between  0.05  and  0.2  second,  which  is  related 
to  "critical  time"  or  the  integration  time  of  the  eye.  After  the  color 


response  hus  built  up  to  maximum  strength,  there  in  a slight  decline  in 
response  level  until  a plateau  is  reached.  It  takes  somewhat  less  lime 
for  maximum  stimulation  to  he  reached  for  red  than  green,  and  less  for 
green  than  blue  (Burnham  et  al . , 1963). 

Color  Contrast.  There  arc  color  changes  which  occur  as  i\  result  of 
color  contrasts  between  adjacent  stimuli.  These  Include  the  following 
relationships:  (1)  An  object  wtth  a highly  saturated  color  near  an 

object  of  the  same  hue  with  low  saturation  will  appear  more  saturated, 
while  the  latter  will  appear  less  saturated  than  it  actually  is.  The 
object  with  less  saturation  may  appear  achromatic  or  of  the  complementary 
hue  to  the  more  saturated  object.  (2)  Objects  near  each  other  with 
complementary  hues  will  both  appear  more  saturated  than  if  they  were 
viewed  separately.  (3)  Objects  near  **ach  other  with  nonccrapleraentary 
hues  (e.g.,  red  and  yellow)  usually  appear  more  different  in  hue  than  if 
viewed  separately.  (4)  Two  colored  areas  separated  by  sharp  contours 
appear  to  be  more  highly  saturated  and  brighter  than  if  they  are  separated 
by  poorly  defined  contours.  (5)  High  brightness  contrast  will  reduce  ap- 
pare:  hue  contrast,  while  equal  brightnesses  tend  to  maximize  hue  eon- 

trasts.  Rusis  (1966)  cited  Custafson  (I960)  as  specifying  that  "the 
brightness  contrast  between  any  two  colors  should  be  at  least  75  percent 
in  order  to  keep  discrimination  errors  below  1 percent." 

Color  Constancy.  Under  conditions  of  low  illumination,  or  when  a 
chromatic  illumination  is  present  (such  au  red  lighting  in  c radar  room), 
colors  of  familiar  objects  often  are  perceived  tn  be  the  same  a*  they  ap- 
pear under  white  light.  For  example,  a green  wall  at  night  appears  grey, 
but  may  be  perceived  as  being  green,  if  it  is  familiar  to  the  observer. 

Angular  Limits.  Because  only  the  cones  transmit  color  information, 
and  are  centrally  located  on  the  retina,  color  diacrimlnabil Ity  is 
restricted.  Rusis  (1966)  after  Lopatin  (1956)  described  the  angulai 
color  perception  limits  for  both  horizontal  and  vertical  vision  (see 
Table  2-V) , These  limits  can  be  extended  by  allowing  more  head  movemant 
freedom  for  the  observer. 


TABU  2-V 


Horizontal  and  Vertical  Angular  Limits  for  Saveral  Colors 


Color 

Angular  Lf.viltti 

Horizontal 

Vertical 

, n -r  „ r.  . r.urt 

Groan 

60° 

40v 

Red 

60’ 

AS’ 

Blue 

1006 

60°  ; 

Yellov 

120’ 

96’ 

Vhice 

ieov 

130’ 
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lulii'i  Mit  In  ilu>  LourHu  of  target  acquisition  find  interdiction  is  the 
I'  I l ii  1 m < apahl  1 1 ly  ol  dlHtunce  perception.  The  cues  we  use  in  Judging  dis- 
t in  * »- ti  .tit'  learned  early  uud  are  employed  so  frequently  that  they  become 
lelut  Ivi  lv  mu  oilin' ( huh • The  following  are  the  major  cues  for  distance  per- 
• eptt  mi,  divided  Into  monocular  and  binocular  cues. 


,!  iii , I M> inn i nl <ir  Couu 

Helot  I vi'  Hire.  Targets  of  similar  actual  size,  viewed  simultaneously, 
will  inri^T  uTliti  at  different  distances  from  the  observer  if  one  appears 
linger  than  the  other.  The  perceived  distance  between  the  observer  and  a 
laigui  U dependent  on  the  disparity  between  the  real  size  and  the  retinal 
image,  Thefeloru,  the  greater  the  difference  between  retinal  and  judged 
side,  the  greater  is  the  distance  perceived.  Note  that  this  cue  can  lead  to 
a (aloe  Judgement  of  distance,  when  the  observer  incorrectly  judges  the  size 
ol  a particular  object.  For  example,  if  the  observer  saw  a 747  aircraft 
Hitting  on  a runway,  and  mistakenly  thought  it  to  be  a smaller  aircraft, 
jmrhrtjiH  a 70  7,  ho  would  then  Judge  his  distance  tc  the  aircraft  to  be  closer 
than  it  actually  was. 

/ 

Aerial  I'vriipect t vo . Distance  perception  is  partly  dependent  upon 
at :iiii»pl;i.< r I c ' condi t ITmsT  The  air  always  has  some  particles  of  water  e d dust 
ii ven  on  "cWur"  duys.  The  particles  (aerosols)  obscure  the  outlines  of  dis- 
tant objects,  During  fog  conditions  even  relatively  near  objects  appear  in- 
dliilliut  mid  Hoom  to  "loom  up"  as  they  are  approached.  In  the  desert,  how- 
ever, wlu> i e '.lie  air  Is  clearer  and  drier,  relatively  distant  objects  appear 
quite  diHtlnct  <tnd  uro  perceived  as  being  much  nearer  than  they  actually  are 

Linear  1‘i'rnps ctlvc.  Sets  of  objects  of  similar  size,  equidistant  apart 
appear  to  converge  as  they  near  the  horizon;  for  example,  telephone  wires 
seem  to  approach  each  other  in  the  distance. 

Lights  and  Shadows,  These  cues  are  often  more  an  indication  of  depth 
fliul  contour  than  distance,  The  associations  are  dependent  on  our  adaptation 
to  overhead  light  sources.  Assuming  overhead  lighting,  convex  surfaces  are 
shaded  in  the  lower  portion  and  concave  surfaces  in  the  upper  portion.  As 
it  cue  to  distance,  the  shadow  cast  by  one  object  upon  another  indicates 
which  object  is  the  more  distant , Howaver,  it  is  necessary  to  know  the 
Hinirce  or  direction  of  the  light, 

1 nterpowit Ion.  When  two  objects  are  observed,  one  positioned  in. front 
of  the " citfior f ' the” more  distant  object  is  cut  off  from  complete  view  by  the 
nearer  one, 

Motion  I'arnllax,  This  cue  for  distance  is  used  under  two  different 
circtimstanceHi  when  the  observer  is  moving  and  when  he  is  stationary.  In 
MltuatloiiH  such  as  flying  in  an  airplane,  objects  near  the  aircraft  seem  to 
move  rapidly  past  while  distant  objects  appear  to  move  quite  slowly  or  not 


/ 
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«t  fill,  tin*  velocities  being  a function  of  the  object* n real  distance. 

When  the  observer  is  stationary  the  parallax  occurs  by  moving  the  heud. 

When  the  head  is  moved  nt  least  15  cm  to  the  right  or  left,  nearer' objects 
move  In  the  opposite  direction  from  the  observer's  head  movement,  while 
relatively  distant  objects  move  In  the  sane  direction  as  the  observer. 

Texture.  When  observing  a plowed  field,  for  example,  irregularities  in 
the  Rround  are  Very  evident  near  the  observer,  but  seem  to  smooth  out  in 
the  distance,  in  addition,  the  lines  of  the  field  (if  horizontal)  will 
grow  denser  in  the  distance. 

Accommodat Ion.  Accommodation  may  be  considered  a nonvlsuai  cue  be- 
cause the  distance  information  arises  not  from  a visual  sensation  but  from 
a kinesthetic  sensation  (i.e.,  muscle  contraction).  To  obtain  a clear  image 
on  the  retina,  the  lens  of  the  eye  must  be  focused  for  the  distance  of  the 
object  from  the  observer.  If  the  object  being  viewed  is  more  than  approxi- 
mately six  meters  away,  the  ciliary  muscle  is  relaxed.  As  the  object  be- 
comes closer  the  muscle  must  contract  to  maintain  focus.  The  cue  depends 
on  the  degree  of  contraction  and  Is  obviously  a weak  distance  cue.  It  is 
not  reliable  as  a distance  cue  beyond  about  two  meters  (Graham,  1965b). 

2.6.2  Binocular  Cues 

Binocular  Disparity.  Because  the  eyes  are  approximately  6 cm  apart, 
they  do  not  aee  exactly  the  same  aspects  of  an  object.  The  closer  the 
object  is,  the  greater  the  disparity  of  the  images  on  the  two  eyes.  The 

result  is  stereoscopic  vision,  that  is,  the  perception  of  objects  in  three 

dimensions.  The  topic  will  not  be  covered  in  any  detail  here  because  bino- 
cular disparity  is  too  small  to  be  perceived  beyond  about  650  meters 

(Graham,  1951).  Thus,  it  is  relatively  unimportant  to  problems  of  air-to- 

ground  viewing. 

Convergence.  As  with  accommodation,  convergence  is  only  a secondary 
(kinesthetic)  cue.  In  order  to  cause  the  image  of  a near  object  to  fall 
on  the  foveal  regions  of  both  eyes,  the  eyes  must  rotate  inward  toward  each 
other.  The  closer  the  object,  the  more  "cross-eyed"  one  must  be.  Again, 
convergence  la  effective  only  for  objects  a few  meters  from  the  observer. 

2.7  The  Modulation  Transfer  Function  (MTF)  of  the  Eye 

In  recent  years  there  has  been  considerable  interest  in  a different 
technique  for  studying  the  response  of  the  human  visual  system.  This  tech- 
nt quo  has  r?liyfinc5  for  studies  cf  fern  discririnsticn,  visusi  scatty,  con- 
trast  sensitivity,  relative  motion,  and  thus  target  acquisition.  As  will 
be  seeR  in  later  chapters,  it  also  has  great  relevance  to  the  problem  of 
specifying  atmospheric  transmittance,  and  image  quality  on  a display.  The 
technique  is  useful  in  helping  designers  to  decide  whether  certain  changes 
in  sensor  or  display  characteristics  will  actually  result  in  an  Improvement 
in  visual  perception.  This  technique,  called  linear  systems  analysis,  in- 
volves estimating  the  modulation  transfer  function  (MTF)  of  the  vieual 
system  (also  referred  to  as  the  sine  wave  response  function).  It  represents 
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an  application  of  Fourier  analysis  techniques  to  the  study  of  human  vision, 
and  Is  considered  an  effective  descriptive  and  predictive  tool.  Essentially , 
it  is  baited  on  att  analysis  of  how  the  visual  system  responds  to  spatial  sine 
wave  intensity  patterns  of  different  frequencies  and  amplitudes. 

2.7.1  Determination  of  MTF 

Once  it  has  been  determined  what  response  the  visual  system  makes  to  a 
range  of  frequencies,  it  is  possible  to  calculatu  a predicted  response  to 
patterns  of  much  greater  complexity.  This  section  will  di»cu»3  the  funda- 
mentals of  the  MTF.  The  following  sections  w/11  briefly  review  some  of  the 
procedures  by  which  investigators  have  tried  to  determine  the  human  MTF,  and 
some  of  the  experimental  results  obtained.  Some  examples  of  the  application 
of  thu  MTF,  discussing  certain  perceptual  phenomena  that  can  be  predicted 
with  this  technique,  along  with  Instances  where  this  approach  has  not  been 
satisfactory  are  noted. 

The  concept  of  the  modulation  transfer  function  is  not  new.  It  has 
been  used  for  some  time  to  describe  the  temporal  properties  of  certain 
systems  (e.g.,  audio  equipment).  More  recently,  it  hss  been  applied  to  the 
analysis  of  spatial  systems  as  well,  as  in  evaluating  the  overall  quality 
of  an  optical  instrument,  or  determining  the  amount  of  ib,.lge  degradation 
produced  by  a certain  component.  In  the  last  ducado  there  has  been  consider- 
able intercut  in  extending  this  approach  to  the  human  being.  The  interest  is 
not  simply  in  studying  the  optical  properties  of  the  eyeball,  but  in  extend- 
ing well  beyond  that  level  so  that  the  system  "output"  undor  study  is  the 
perception  itself,  which  is  not  directly  observable.  This  makes  the  Job  of 
specifying  the  MTF  considerably  more  difficult,  ns  Will  l>o  seen. 

Thu  reason  for  the  usefulness  of  th6  MTF  may  bs  understood  by  reference 
to  the  concept  of  Fourier  analysis.  Fourier  analysis  a«  it  applies  to 
spatial  patterns  may  be  described  an  follows.  (For  cite  render  wishing  a 
rigorous  treatment  of  this  subject,  see  for  example  Goodman,  1968.  For  a 
qualitative  --  i.e.,  non-mathematical  — understanding,  an  excellent  source 
i*  Cornsweet,  1970.)  Consider  a tost  pattern  consisting  of  alternating 
light  and  dark  vertical  stripes,  Figure  2-19a.  Such  a pattern,  called  a 
resolution  grating,  is  sometimes  used  to  test  visual  acuity.  Starting  at 
the  left  edge  of  the  pattern  (a  dark  stripe),  tho  intensity  would  be  at  a 
low  value  for  some  distance  (perhaps  20  arc  minutes  at  a certain  viewing 
distance),  then  would  abruptly  rise  to  a higher  iovcl  for  another  20  arc 
mlnutcH,  then  back  down,  and  ao  on.  Thus,  tho  graph  representing  such  a 
distribution  would  be  a series  of  square  waves.  Figure  2-19b.  In  this 
example,  the  waveform  is  regular}  in  the  case  of  another  pattern  (for 
example,  a terrain  photograph)  the  waveform  could  be  very  irregular.  Re- 
gardless oi  shape,  ao  a renult  of  Fourier's  theorem  that  waveform  is  known 
to  be  composed  of  e number  of  sine  waves  of  various  amplitude,  frequency, 
and  phase  relationships,  which  are  added  together,  By  mean#  of  Fourier 
analysis  it  io  possible  to  determine  the  characteristic*  of  these  sine  waves, 
and  thus  completely  describe  the  pattern  in  terms  of  its  sine  wave 
components. 
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Figure  2-19c.  The  Addition  of  Sir.*  Waves 
to  Synthesize  a Square  Wave.  If  the 
Fundamental  Frequency  of  the  Square  Wave 
is  F,  then  the  Frequencies  of  the  Sine 
Waves  are  F,  3F,  5F,  7F,...,  and  Their 
Amplitudes  are  A,  A/3,  A/5,  A/7,... 
(From  Cornswoet,  1970) . 
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As  .in  example,  Figure  2 — 1 9 c shows  lu>w  a number  of  sine  waves  may  com- 
bine to  produce  a square  wave.  To  obtain  a perfect  square  wave,  an  Infinite 
number  of  sine  waves  must  be  added  together,  related  to  each  other.  In 
general,  for  any  pattern  having  sharp  transitions  between  light  and  dark 
areas,  high-frequency  components  are  necessary.  Without  these  high-f requcncy 
components  the  corners  of  the  waveform  are  rounded,  and  the  transition  be- 
tween a light  and  dark  area  is  more  gradual. 

To  predict  how  a system  will  respond  to  a pattern,  it  must  be  known  how 
the  system  responds  to  those  sine  wave  components  which  comprise  It.  The 
MTK  is  simply  a means  of  describing  the  sine  wave  ret,  »nse  of  the  system 
acrosrf  a range  of  frequencies.  For  example,  to  determine  the  MTF  of  a lens, 
the  lens  would  be  presented  with  a series  of  sine  wave  gratings.  Compared 
to  a square-wave  grating,  these  stripes  would  not  have  sharp  borders;  instead, 
there  would  be  a gradual  change  from  a dark  stripe  to  a light  one.  The 
modulation  of  each  grating  can  bu  determined  by  measuring  its  luminance  at 
the  brightest  point  (i-ma.;)  • and  at  its  dimmest  point  (l^jn).  Modulation  is 
then  def ined  as: 


M « Snax  - Snln 
Snax  + Snln 

The  procedure,  then,  is  to  measure  the  modulation  of  the  original  grating, 

and  the  modulation  of  the  grating  as  imaged  by  the  lens.  The  modulation 

transfer  for  that  particular  frequency  Is  then  expressed  as  the  ratio: 

M.  /M  u, 
image  object 

As  the  frequency  of  the  grating  changes,  the  modulation  transfer  is 
affected.  For  very  wide  stripes  (i.e.,  low  spatial  frequency),  the  modu- 
lation transfer  would  ha  at  Its  maximum  value  of  1,0,  or  close  to  it.  It 
is  at  the  higher  frequencies  where  tho  aberrations  of  the  lens  sturt  to  have 
serious  consequences  for  the  image.  When  the  object  grating  is  fine  enough 
(its  frequency  is  high  enough),  ths  resulting  image  will  just  be  a uniform 
shade  of  gray,  and  the  modulation  transfer  will  be  *ero.  Thus,  if  the  modu- 
lation transfer  of  that  lens  ware  plotted  as  a function  of  spatial  frequency, 
the  function  would  begin  at  1.0,  and  gradually  drop  to  r.erc.  This  normalized 
function  ia  called  the  MTF, 

Figure  2-20  shows  how  the  MTF  can  be  used  to  predict  the  responses  of  a 
system  (in  this  case)  to  somo  pattern  other  than  n sine  wave,  Figure  2-20a 
shows  the  Intensity  distribution  of  a particular  pattern.  The  left  part  of 
the  pattern  being  described  is  uniformly  light,  up  to  a point  ot  which  It 
abruptly  begins  to  get  darker,  It  continues  to  darken  for  a while,  then 
abruptly  stops,  so  that  the  right  hand  portion  of  the  pattern  is  uniformly 
dark.  Figure  2— 20b  is  a result  of  a Fourier  analysis  on  the  waveform  shown 
in  Figure  2-20a.  This  figure  shows  ths  relative  amplitudes  of  all  the  sine 
waves  necessary  to  produce  this  waveform,  It  can  be  seen  that  a sine  wave 
of  some  amplitude  ic  required  at  almost  every  frequency.  Figure  2-20c 
shows  the  MTF  of  the  leno  being  considered.  In  Figure  2~20d,  the  amplitude 
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Figure  2-20.  How  the  HIT  is  Used 
to  Describe  the  Image  that  a Lons 
will  Produce.  In  (a)  the  Intensity 
Distribution  of  the  Object  is 
Plotted.  The  Fourier  Spectrum  of 
the  Function  in  (a)  is  Plotted  in 
(b) . The  MTF  of  the  Lons  is  .Shown 
in  (o) . The  Spectrum  of  the  Image 
is  Shown  in  (d) , Which  ib  the 
Product  of  (b)  and  (c)  at  Kaon 
Spatial  Frequency,  "tie  Uoiiult.ng 
Intensity  Distribution  of  the  in- 
ject is  Presented  in  (u) 

(From  Cornsweet,  1070) . 
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ol  each  nine  wave  in  2-20b  has  simply  been  multiplied  by  the  transfer 
factor  for  that  frequency,  as  presented  in  2-20c.  Thus,  Figure  2-20d 
shows  the  amplitude  spectrum  of  the  image  as  it  is  produced,  High  fre- 
quency components  are  responsible  for  sharp  corners,  and  since  the  MTF 
drops  otf  at  high  frequencies,  this  is  the  result  to  be  expected, 

This  section  lias  shown  how  the  MTF  may  be  calculated  for  un  optical 
system,  and  how  it  may  be  used  to  predict  how  that  system  will  resolve 
various  patterns.  The  following  section  shows  how  the  MTK  can  be  obtained 
for  the  human  visual  system.  The  use  of  the  term  visual  transfer  function 
will  be  restricted  to  the  description  of  a linear  system,  or  a system 
operating  in  n linear  range.  The  human  visual  system  is  not  linear  over 
a wide  portion  of  its  operating  range;  that  is,  the  magnitude  of  the  out- 
put is  not  linearly  related  to  the  magnitude  of  the  input.  However, 
within  much  of  the  range  of  interest  for  target  acquisition  the  approxi- 
mation of  linearity  can  be  used. 

2.7,2  Human  Visual  Response  to  Sine  Wave  Patterns 


To  determine  the  sind  wave  response  of  the  human  visual  system  la  .rt ore 
complicated  than  the  procedure  described.  The  reason  for  this  is  obvious : 
it  is  not  possible  to  employ  a photometer  and  measure  objectively  --he  luK  * 
nance  distribution  of  an  object  ns  it  is  perceived  by  the  Db^erver,  Inrt.u  0 
it  is  necessary  to  employ  more  Indirect  procedures.  Several  different  kinds 
of  procedures  have  been  employed.  The  results  have  been  in  gcnc/ax  agree- 
ment, the  greatest  sensitivity  to  spatial  frequencies  usually  occurs  in  t:i»* 
region  of  3-6  cycles/degree. 

The  details  of  the  experiments  end  the  stimuli  employed  will  not  b" 
explored  here;  instead,  it  is  sufficient  to  note  that  a transfer  function 
is  eventually  obtained  which  haa  the  form  shown  in  Figure  2-21,  Again,  nolo 
that  there  is  a decline  in  resolution  at  both  extremes  of  the  spectrum,  with 
a maximum  occurring  at  around  6-9  cycles/degree;  this  is  equivalent  to  «bo«'t 
1 linc/mm  at  a viewing  distance  of  14  inches. 


2.7.3  The  Uses  and  limitations  of  the  Human  Spatial  MTF 


The  above  discussion  of  attempts  to  derive  • spatial  MlF  for 


;<uman 


visual  system  has  been  simplified  in  a number  of  respects.  There  are  ussump 
tions  to  be  met  in  order  for  the  use  of  the  MTK  to  be  valid  (cf.  Ccntaywel 
1970,  for  a discussion  of  linearity,  isotropy.,  and.  homogeneity) . The  most 
troublesome  assumption  is  that  of  linearity,  tor  there  ic  much  evider.no  that 
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By  nonlinear  we  mean  that  the  magnitude  of  the  output  (the  perception)  is 
not  related  linearly  to  the  magnitude  of  the  stimulus  that  gives  rise  to  it. 
Instead,  the  relationship  is  more  nearly  a logarithmic  one.  The  issue  is 
complicated,  and  the  fact  that  it  io  beyond  tha  scope  of  this  chapter  to 
explore  it  does  not  mean  to  imply  that  it  is  unimportant,  Of  course,  the 
precise  shape  and  positioning  of  the  OTF  curve  depend  on  a number  of  param- 
eters (e.g.,  average  display  luminance,  accommodation  diatance),  and  a 
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FJAjuru  2-31,  K Transfer  Function  for  tho  Human  Visual  system. 
Tho  Circles  are  Date  Pointo  from  a Contrast  Matching 
Experiment!  the  Region  Without  Clrclto  is  Based  on  Threshold 
Measures  (From  Corneweot,  1970). 


great  deal  ul  work  in  still  required  to  explore  such  par oiso tern  and  to  opti- 
mise the  technique.  Nevertheless,  at  our  present  filar, t*  o f knowledge  enough 
is  known  of  the  general  form  of  the  human  KIT  to  enable  us  to  predict  some 
interesting  perceptual  phenomena. 


Border  contrast  enhancement  is  predicted  by  the  fact  that  tho  MTf’  drops 
off  at  low  spatial  frequencies.  Figure  2-22  shows  the  steps  in  predicting 
.lie  output  for  the  two  patterns  represented  in  Figure  2-22a,  The  figure  on 
the  left,  which  would  be  a light  stripe  on  a darker  background,  is  similar 
to  the  one  on  the  right  in  that  both  have  sharp  "corners."  The  difference, 
as  may  be  aeon  in  Figure  2~22b,  ia  in  the  low  frequency  region;  the  curve  on 
the  right  has  areas  of  gradual  change,  represented  by  low  frequency  sin« 
wave  components,  while  ths  corresponding  regions  on  the  Irft  hand  curve 
exhibit  no  change  — i.e,,  have  an  Infinitely  low  spatial  frequency.  The 
human  MTF,  shown  ir.  Figure  2-22c,  shows  that  both  high  and  low  frequencies 
will  ho  attenuated.  As  we  have  tsaen,  the  sharp  corners  will  be  rounded  due 
to  the  high  frequency  cutoff  «s  is  shown  to  be  tho  caae  in  Figure  2-2 2d . 

What  is  also  shown  is  tlmt  the  differences  between  the  two  curves  arc  almost 
entirely  eliminated,  since  those  differences  exist  in  & frequency  range  to 
which  the  visual  system  is  not  responsive.  This  prediction  is  perceptually 
correct;  the  two  patterns  do  in  fact  look  identical.  And  as  cen  bi  seen  in 
the  left  half  of  Figure  2-22e,  due  to  the  low  frequency  attenuation  the 
regions  of  greateut  brightness  difference  (border  contrast  enhancement)  are 
in  the  regions  of  abrupt  transition  between  intensity  levels. 


Another  phenomenon  the  KTF  predicts  well  is  rimulcaneous  brightness 
contrast.  If  * gray  pattern  it;  viewed  against  a black  background,  it  appears 
lighter  than  it  does  if  viewed  ageir.ot  a white  background.  If  the  patterns 
ate  plotted  and  Uut  usual  analyses  performed,  ft  is  seen  that  such  o result 
in  to  be  expecud  (Comswast,  1970) . 


There  nr*  also  situation,*  in  which  the  predictions  beosd  or.  the  human 
MTF  fail.  For  cxsmpi*,  with  patterns  ouch  «to  those  described  in  Figure  2-22e, 
oubjecte  ,ure  net  likely  to  report  brightness  differences  betvtcsn  the  center 
end  the  edge  of  the  strip®.  In  other  esses  psmUvcd  differences > between 
regions  separated  by  a border  that  appears  sharp,  are  greater  then  they 
"should"  b*.  Thera  several  roeaor.a  for  such  dincvepencies.  in  some 
cases , the  conditions  under  which  the  KTP  wfl*  obtained  (e.g. , brief  flashes, 
low  target  contrasts)  warn  too  different  from  tho  viewing  conditions  employed 
if*,  the  eve hsatlr-ni  In  other  esses  Che  wrerfl  colons  era  upheld  when  the 
sxperlmunter,  in  oassnes,  asha  tba  right  queationnt  the  subject's  response 
repertoire  and  expectations  sawntimon  Ureit  the  way  in  which  he  can  describe 
what  ha  sacs,  In  other  cages  the  nonlinearity  in  tho  visual  system  provides 
« strong  barrier  against  accurate  prediction,  Work  is  progresses  in  Hu* 
ntudy  of  harass  visual  nonlinearity,  in  the.  hope  thot  by  understanding  the 
nonlinearity  batter,  means  wy  be  devised  fur  incorporating  it  J»  the 
prediction. 
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I lit*  tempera!  frequency  response  for  human  vision  can  be  determined 
In  .1  manner  analogous  to  that  described  for  the  spatial  sine  wave  response. 
Ihe  eye's  response  to  sine  wave  variations  may  then  be  used  to  predict 
the  perception  of  complex  temporal  waveforms,  again  assuming  linearity 
In  the  visual  system,  A considerable  amount  of  work  In  this  area  has 
been  performed  by  Kelly  (1961).  Ills  procedure  wan  to  provide  a large 
(60’)  circular  test  field,  uniformly  illuminated,  and  with  blurred  edges. 
The  luminance  of  this  Held  could  he  vurled  as  a function  of  time,  in  a 
simiHoid.il  fashion.  The  task  of  the  subject  was  to  adjust  the  amplitude 
of  this  variation  (with  the  average  level  held  constant)  until  it  was 
barely  large  enough  to  he  detected.  The  frequency  of  the  variation  was 
then  manipulated  by  the  experimenter,  as  was  the  average  luminance  level. 
(The  data  to  be  presented  arc  actually  in  terms  of  average  retinal  il- 
luminance, rather  than  luminance.  Since  an  artificial  pupil  was  used, 
however,  there  is  a perfect  correlation  between  the  two  measures).  Figure 
2-23  presents  the  results  of  this  experiment,  plotted  in  two  ways.  In 
Figure  2-23.1  absolute  sensitivity  is  shown,  as  a function  of  temporal 
frequency.  It  may  be  seen  that  maximum  sensitivity  for  high  average 
luminances  is  around  25-30  Hz,  and  that  the  maximum  occurs  at  lower  fre- 
quencies ns  the  average  luminance  is  decreased.  Another  important  feature 
of  this  figure  is  that  all  of  the  curves  begin  to  coincide  as  the  fre- 
quency Increases.  Thus,  at  a frequency  of  50  Hz  for  example,  the  modu- 
lation amplitude  required  for  the  intensity  variation  to  be  perceived 
does  not  change  — it  is  the  same  for  oil  the  average  luminances  employed. 
Figure  2—2 3b  presents  t lie  same  data  expressed  as  percentages,  so  that 
the  values  on  each  curve  of  Figure  2~23a  have  been  divided  by  the  average 
luminance  represented  by  that  curve.  Presenting  the  data  in  this  fashion 
demonstrates  that  in  the  cose  of  low  temporal  frequencies  it  is  necessary 
to  increase  the  modulation  na  the  average  luminance  increases,  until  the 
same  percentage  of  modulation  Is  attained. 

These  curves,  except  at  the  very  low  intensity  levels,  hove  the  same 
general  shape  na  the  spatial  sine  wave  response  functions  discussed  in 
an  earlier  section;  that  is,  they  show  a decrease  in  sensitivity  to  low 
frequency  Inputs  as  well  as  to  high  frequency  inputs.  A similar  approach 
may  now  be  taken  to  predicting  behavior  for  move  complex  waveforms,  pro- 
vided the  condition  of  linearity  can  he  met.  A further  inspection  of 
Figure  2-23a  reveals  that  this  condition  has  been  met,  for  high  temporal 
frequencies.  As  in  our  consideration  of  the  spatial  MTP,  a system  is 
operating  in  a linear  range  if  the  ratio  of  input  to  output  modulation  is 
constant,  regardless  of  the  average  value.  The  fact  that  the  high- 
frequency  portions  of  all  the  functions  in  this  figure  fall  on  the  same 
downward  sloping  curve  indicates  that  the  system  is  indeed  linear  for 
high  frequencies,  for  regardless  of  the  average  luminance  the  threshold 
modulation  at  a given  frequency  remains  fixed,  At  low  frequencies,  how- 
ever, It  is  evident  that  the  visual  system  is  not  linear.  Because  of 
the  fact  that  a constant  relative  modulation  is  required  at  threshold, 
the  system  appears  to  undergo  a logarithmic  tranoformation  at  low  fre- 
quencies (Cornsweot,  1970), 


RELATIVE  SENSITIVITY 


1 3 10  30  100 

FREQUENCY  (Hz) 


FREQUENCY  (Hr) 


Figure  2-23.  Temporal  i'.ine  Wave  Rcaponso 
Functions,  Plotted  Two  Different  Ways, 
The  Separate  Curvoa  are  for  Different 
Avorago  Lovels  of  Retinal  Illuminance. 
(Figures  from  Kelly,  1961;  Ro-labelod  by 
Cornswoot,  1970) . 


I»»  Illustrate  how  the  temporal  MTF  can  In*  itnoci  to  predict  tin*  CIT 
lor  .1  square  wave  p.  it  tern,  onn  liter  what  happens  to  t he  input  spectrum 
•in  tin*  I requenry  of  Clio  square  wave  Increases , The  frequency  of  the 
fuml.itnent.il  nine  wave  component  Increases  at  tliu  same  rate,  because  It 
In  identical  to  the  repetition  rate  of  the  square  wave.  At  the  name 
time,  the  higher  order  harmonics,  which  «n  we  have  Keen  are  multiples 
of  the  fundamental  frequency,  also  Increase  (cf.  Figure  2-19).  Hut  be- 
cause i'l  the  sharp  dropoff  of  the  MTF  at  high  frequencies,  the  contri- 
bution of  the  higher  order  harmonics  drops  to  practically  zero  whenever 
the  square  wave  pulse  frequency  approaches  the  fusion  point.  Thus,  the 

CFF  lor  a square  wave  Is  the  same  .as  that  for  a sine  wave  of  equivalent 

modulation  amplitude.  For  a further  discussion  of  the  application  of 
Fourier  techniques  to  the  study  of  flicker,  sec  Brown  (1965a)  and 
Cornsveet  (1970). 

Another  Instance  where  the  temporal  MTF  can  be  used  to  predict  a 

perceptual  phenomenon  Is  In  the  case  of  Bloch's  Jaw  (also  sometimes  re- 

ferred to  as  the  Bunsen-Roacoe  law).  Bloch's  law  states  that  there  Is  a 
reciprocity  relationship  between  the  intensity  and  duration  of  a flash, 
so  that  below  a critical  duration  all  flashes  of  equal  total  energy 
should  have  equal  perceptual  effects.  In  other  words,  Luminance  x Time 
« Constant,  for  a square  wave  pulse.  Bloch’s  law  is  an  example  of  the 
temporal  Integration  properties  of  the  human  visual  system.  The  Im- 
portant quantity  for  perception  Is  the  time  integral  of  the  luminance, 
rather  than  the  particular  distribution  of  luminance  with  respect  to 
time  (again,  this  Is  true  only  up  to  a certain  critical  duration,  which, 
In  the  case  of  threshold  measures,  is  approximately  0.1  second).  Another 
way  to  express  temporal  Integration  is  by  means  of  the  Blondel-Rey  law 
(Lloyd,  1973),  which  describes  the  relation  botwoit  a Just-visible  flash 
of  light,  and  a just-vlslblc  steady  light! 

where  L is  the  threshold  luminance  for  a steady  light  exposed  for  t 
seconds;  Lm  is  the  threshold  luminance  for  a steady  light  of  infinite 
duration;  and  c is  a constant  equal  to  0.21  second.  It  may  bn  shown 
that  with  this  formula,  when  t la  beloti  approximately  0.1  second,  the 
product  of  L x t Is  very  nearly  a conetant. 

With  respect  to  the  MTF  predictions,  Cornsweet  (1970)  has  shown 
that  most  of  the  difference  between  equal  energy  square  wave  flashes  of 
different  durations  Is  In  the  high  frequency  components,  which  urn 
strongly  attenuated  by  the  MTF.  Therefore,  up  to  some  duration,  all 
such  flashes  have  very  neatly  the  same  output  spectrum.  As  lower 
average  luminances  arc  employed,  the  MTF  begins  Its  sharp  decline  at 
progressively  lower  frequencies  (Figure  2-23a),  thereby  Increasing  the 
temporal  range  of  flashes  that  will  all  appear  Identical. 

2.7.5  Applications  of  MTF  to  T&rget  Acquisition 

In  summary,  the  use  of  the  MTF  holds  a good  deal  of  promise  in  the 
study  of  many  problems  In  which  the  human  visual  response  must  be  known. 


It  has  limitations,  ami  rare  must  be  taken  to  apply  it  properly  (for 
example,  by  making  sure  the  conditions  under  which  t he  MTK  was  obtained 
arc  as  similar  us  possible  to  those  for  which  n prediction  is  being  made). 
In  addition,  it  should  be  noted  that  the  MTP  is  not  an  explanatory  tool; 
the  underlying  photochemical  and  neurophysiological  mechanisms  have  keen 
entirely  excluded  from  this  discussion.  Nevertheless,  It  con  predict 
certain  classes  of  events.  The  MTF  approach,  applied  to  the  analysis  ol 
prior  experiments  in  the  target  acquisition  field,  may  help  to  resolve 
apparent  contradictions  between  different  sets  of  data,  or  to  suggest 
critical  experiments  chat  would  resolve  ouch  contradictions,  in 
addition,  it  may  serve  as  a useful  tool  In  helping  designers  to  make 
certain  decisions.  For  example,  an  engineer  trying  to  decide  whether 
one  display  would  be  better  than  another  might  determine  that  for  a 
certain  class  of  targets,  two  different  levels  of  fidelity  might  ir  fact 
be  indistinguishable  when  they  go  through  the  human  visual  system.  Thus, 
in  comparison  viih  more  traditional  approaches  to  the  study  of  visual 
acuity,  tae  MTF  has  been  shown  to  be  a more  comprehensive,  predictive, 
and  systems">rientsd  tool  for  studying  the  human  visual  response.  Use 
cf  NTF  in  predicting  target  acquisition  has  not  been  done.  Yet,  as 
noted  in  the  following  chapters,  we  can  determine  some  atmospheric  MTF, 
sensor-diapiay  MTP  and  visual  HTF.  In  theory,  the  probability  of 
target  acquisition  ahould  be  the  resultant  combination  of  those  MTP's. 


CHAPTER  THREE 


TARGET  AND  ENVIRONMENTAL  FACTORS 


3.1  Introduction 


Some  of  the  most  critical  factors  affecting  target  detection  and 
recognition  are  those  pertaining  to  the  characteristics  of  the  targut  and 
its  background.  The  target's  size,  shape,  color,  and  texture  arc  of  course 
primary  to  the  cask  requirements.  Background  can  be  cluttered,  simple, 
homogeneous,  flat,  mountainous,  hilly,  forested,  grassy,  bushy,  farmland, 
with  many  or  few  man-made  features.  Environmental  factors  include  thu 
characteristics  of  the  atmosphere  as  to  its  clarity,  sun  angle,  the  prtm- 
cnce  of  smoke,  haze,  fog,  dust,  etc.  When  dealing  with  other  than  direct 
visual  target  acquisition,  other  target/background/onvi ronmental  fuctom 
become  important,  such  as  the  thermal  signature  of  target  and  background, 
in  the  case  of  infrared  sensors,  for  example.  This  chapter  will  consist 
of  two  major  subdivisions:  the  first  dealing  with  the  target  and  background 

characteristics  and  the  second  half  with  the  effecta  of  the  physical 
environment. 

3.1.1  Sources  of  General  Information 


The  nest  general  reviews  of  the  target  and  environmental  factors  in- 
fluencing target  acquisition  arc  to  be  found  in  Middleton  ( 1952)  and  in 
Erickson  (1965).  Middleton  has  an  excellent  ebaptor  on  the  extinction  of 
light  and  the  alteration  of  contrast  by  the  atmosphere.  This  hook  although 
getting  somewhat  dated  does  provide  nomographs  for  predicting  "sighting 
range"  derived  from  the  Tiffany  data  (Blackwell,  1946)  and  is  still  very 
useful  to  the  practitioner  and  researcher.  These  nomographs  take  the  ambient 
illumination  into  account,  ss  well  as  the  contrast  of  the  target  to  its  back- 
ground, and  the  meteorological  range.  Erickson  (1961  and  1965)  provider,  the 
data  needed  to  determine  the  probability  of  detecting  the  target  in  different 
types  of  terrain  (1961).  The  196'  report  also  takes  notion,  search  geometry, 
cockpit  obstruction,  type  of  search,  target  type,  surface  reflectance,  and 
clutter  into  account.  There  is  also  a discussion  of  simulator  and  field 
studies.  Optical  characteristics  are  discussed  in  a manner  helpful  to  the 
operational  typ<  s of  personnel  concerned  with  problems  of  target  acquisition. 
Both  Middleton  and  Erickson  (1965)  contain  good  bibliographies  which  enn  he 
tiHftd  for  finding  additional  data. 

Other  good  general  references  are  the  aeries  *>•  i»n  titled  "Visi- 

bility" published  in  1964  in  The  Journal  of  Applied  ■ a,  !’■  the  Huntley 
group  at.  Scripps  Visibility  Lnbor^'ory  and  in  the  Air  K-rte  survey  in 
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Ooophysies  No,  21  pub  1 1 t;Uvd  by  Penndorf,  Goldberg  and  l.ufkin  in  1952.  Both 
reports  contain  good  atmospheric  information,  practical  data  for  the  designer 
and  field  user.  The  RCA  Blectro-optlcs  Handbook  is  another  source  of  atmos- 
pheric dnta  uaoful  in  both  direct  visual  and  electro-optical  sensor  analyses. 

3.2  Target/BackRround  Variables 

This  section  is  concerned  with  the  effects  on  target  acquisition  per- 
formance of  variables  associated  with  the  targets,  and  with  their  background 
characteristics.  Variables  such  as  size  and  shape  are  specifically  target 
characteristics.  Others  such  as  vegetation  and  clutter  relate  to  the  back- 
ground; and  some,  for  example,  contrast  and  masking,  are  associated  with  both 
target  and  background  characteristics.  Although  target  features  can  be 
varied  independently  of  the  background,  and  vice  versa,  target  detection  and 
recognition  depend  on  the  interactive  effect  of  both  target  and  background 
variables.  This  relationship  must  be  taken  into  account  when  considering 
the  effects  discussed. 

The  primary  target/background  variables;  target  size,  contrast,  mask- 
ing, and  terrain  type,  are  among  the  most  important  and  the  most  extensively 
investigated  variables  affecting  air-to-ground  target  acquisition  perform- 
ance. Target  size  and  shape  for  example,  have  been  the  subject  of  many 
laboratory  studies,  simulation  experiments,  and  field  trials.  Target/back- 
ground  contrast  and  background  clutter  have  beer,  studied  extensively  In 
carefully  controlled  laboratory  experiments.  The  relatively  small  amount 
of  flight  test  data  relating  these  factors  to  target  acquisition  reflects 
the  difficulty  of  controlling  and  quantifying  them  under  flight  test  condi- 
tions. Fortunately,  the  effects  of  vegetation  and  terrain  type  can  be 
studied  experimentally  by  hlgh-f ldeiity  simulation  techniques  end  in  field 
trials . 

In  this  section  the  effects  of  target  and  background  characteristics, 
and  two  secondary  variables,  angular  velocity  and  motion  are  considered. 
Variables  associated  with  both  target  and  background  interaction  arc  then 
discussed  and  finally,  environmental  parameters  such  as  atmosphere  and 
illumination. 

3.2.1  Target  Size 

In  air-to-ground  acquisition  tasks,  target  size  may  be  measured  either 
in  terms  of  actual  ground  size,  or  in  terms  of  apparent  size,  defined  as 
the  visual  angle  subtended  by  the  target  at  the  observer's  eye.  Apparent 
size  depends  on  the  actual  size  of  the  target,  the  Jingle  at  which  it  Is 
viewed,  the  range  of  the  terget,  and  the  characteristics  of  the  viewing 
system,  if  any,  interpoged  between  target  and  observer. 

A target  becomes  capable  of  detection  when  its  angular  subtense  exceeds 
the  visual  acuity  threshold,  but  most  targetB  are  not  detected  until  the 
angular  subtense  is  conoidcrably  above  threshold.  This  indicates  tl  at  search 
problems  are  more  important  than  visual  acuity  limitations  in  actual  air-to- 
ground  target  acquisition  (cf  Chapter  5). 
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Work  <<trrhtl  out  by  Jones  and  Bergert  ( 19  70),  using  simple  two- 
vllmonslon.il  uirgotn  in  a terrain-mode)  study,  demonstrated  that  the  angular 
subtenses  required  for  both  detection  and  recognition  Involving  search  were 
greater  than  when  search  was  not  required.  The  detection  task  Involving 
search  required  an  angular  subtense  almost  twice  an  great  as  the  correspond- 
ing threshold  values,  Requited  angular  subtense  values  depended  on  contrast. 
For  the  20%  contrast  level,  targets  had  to  subtend  2.7  minutes  of  arc  for 
detection  under  search  conditions  and  1.4  minutes  of  arc  under  threshold 
(non-search)  conditions. 

Additional  evidence  that  the  angular  size  requirements  of  targets  at 
acquisition  aie  substantially  higher  than  the  acuity  threshold  comes  from  in- 
flight acquisition  data  reported  by  Holer  (1962)  and  simulation  data  reported 
by  Snyder  and  Greening  (1963)  under  presumably  medium  contrast  (20-50%)  con- 
ditions. In  both  of  these  studies  each  target's  major  dimension  subtended 
more  than  10  minutes  of  visual  arc  at  the  median  rai>se  of  recognition.  This 
agrees  with  Stoedman  and  Baker  (1960)  who  found  that  an  angular  subtense  of 
at  least  12  minutes  of  arc  Is  required  for  the  accurate  recognition  of  com- 
plex forms  under  "high"  contrast  (>50%)  and  ideal  viewing  conditions. 

The  common  laboratory  finding  that,  other  things  being  equal,  larger 
targets  are  more  readily  detected  and  recognized  than  smaller  ones  (Boynton 
and  Bush,  1957;  Miller  and  Ludvigh,  1960)  has  been  confirmed  by  field  test 
and  by  high-fidelity  simulation  experiments.  Whittenburg,  Schreiber  and 
Richards  (1959b)  studied  apparent  target  size  in  a field  test  and  found  a 
positive  relationship  between  size  and  identification  probability.  For 
small  apparent  sizen,  up  to  about  25  sq.  nils  (a  square  mil  being  the  poly- 
hedral angle  subtended  by  an  area  of  one  square  unit  tit  a distance  of  1000 
units),  identification  probability  was  highly  related  to  size.  Above  this 
value,  sizu  had  little  effect.  A field  test  carried  out  by  Hicks  and  Holer 
(1966)  also  allowed  that  large  targets  were  more  readily  identified  than 
small  ones. 

Rusis  and  Snyder  (1965)  used  a motion  picture  simulation  to  investigate 
the  effects  of  target  size,  measured  In  terms  of  the  percentage  of  the  film 
frame  covered  by  the  target  at  a fixed  range  of  1000  ft.  (304.8  m.).  They 
found  that  for  small  targets  (average  subtended  angle  0.003  steradian) 
acquisition  probability  was  significantly  lower,  and  acquisition  range 
shorter,  than  for  targets  of  large  apparent  size  (average  subtei  Jed  angle 
0.089  steradian),  Errors  of  omission  and  errors  of  commission  were  also 
significantly  highir. 

3.2.2  Target  Shape 

Several  target  acquisition  studies  have  shown  that  targets  of  very 
Blmilar  size  but  differing  in  shape  can  give  rise  to  substantial  differences 
in  performance.  For  instance,  Holer  (1962)  and  Snydei,  Greening  and  Calhoun 
(1964)  both  found  differences  in  recognition  probability  between  military 
vehicles  roughly  equal  in  size,  even  when  the  targets  were  located  in  the 
aarne  location  and  approached  from  the  same  direction.  Similar  results  were 
found  by  Snyder  end  Greening  (1963)  when  they  compared  recognition  perferm- 
anco  for  rectangular  parallelepipeds  and  for  cubes  of  eoual  frontal  area. 
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TIk'hi!  iKTlomam.'c  dlf  forenrcii  are  accounted  for  hy  dlf leremeu  In 
target  till H|»e.  Laboratory  findings  (National  Defense  Kcsoarch  Committee, 

1946)  suggest  that  targets  character! zed  by  n relatively  large  length-tu- 
wldtli  ratio  are  more  difficult  to  detect  than  thoue  that  ure  more  nearly 
square.  Tlieae  differences  baaed  on  lungth-to-wldth  ratio  have  not  been 
confirmed  by  air-to-ground  target  acquisition  field  teats , however. 

The  shape  of  a ground  target,  In  terms  of  aspect  ratio  (vertical  to 
horizontal  extension),  is  important  in  relation  to  aircraft  altitude.  A 
predominantly  vertical  target  will,  in  the  absence  of  masking  affectH, 
appear  larger  at  low  altitudes,  whereas  predominantly  horizontal  targets 
will  subtend  a greater  angle  when  viewed  from  higher  altitudes.  These 
effects  have  been  analyzed  by  Greening  (1964). 

3.2.3  Target  Type 

Target  acquisition  experiments  normally  involve  a number  of  different 
types  of  targets,  for  instance,  bridges,  buildings,  personnel  and/or  vehi- 
cles. Target  type  characteristics  play  an  important  part  in  determining 
acquisition  performance  where  a detail  is  used  in  discriminating  target 
type.  Differences  between  target  type  acquisition  data  can  be  attributed 
to  differences  in  size,  contrast,  the  presence  or  absence  of  shape  details, 
and  In  briefing,  cues,  and  training  of  observers. 

In  one  study,  four  different  target  types  (segments  of  pipeline,  road 
Intersections,  email  areas  of  vjater,  and  petroleum  storage  tanks/  vert'  com- 
pared using  a motion  picture  simulation  technique.  The  results  indicated 
that  subjects  paid  more  attention  to  gross  characteristics  cf  the  target 
terrain  cues,  lor  instance  the  presence  of  a nearby  road,  than  to  the 
experimenters 1 target  functional  classification  (Calhoun  and  Snyder,  1965). 

Target  ciaself i cations,  are  of  limited  utility  unless  they  also  corre- 
spond to  large  differences  in  visual  characteristics,  such  rb  size.  This 
also  was  found  ir,  study  of  target  type  ir.  which  differences  In  acquisition 
perfenmmen  were  found  for  four  different  target  types,  categorized  on 
truckn,  jeeps,  tents,  and  men  (Snyder,  Greening  and  Calhoun.  1964),  Tar- 
get size  was  the  major  determinant  of  acquisition  performance  in  this 
study. 

Familiarity  with  the  target  has  an  important  affect  on  target  identi- 
fication, particuleriy  when  a number  of  different  targets  ore  situated 
close  together,  Thomas  (1962)  found  that  observers  unfamiliar  with  the  name 
of  a particular  target  tended  to  maintain  prolonged  vit-ial  contact  wit!)  It. 
They  failed  to  detect  ocher  targets  in  the  some  area  Similarly,  Whlltenhurg 
ct  al  (1960a)  report  that  lack  of  knowledge  of  i c n»  xss  and  appearances  ol 
military  objects  is  ft  major  limiting  factor  in  effective  target  identifica- 
tion, They  recommended  specialized  training  in  the  identification  of  enemy 
weapons,  vehicles,  and  other  types  of  equipment. 
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3. 2. A Multiple  Targets 


When  a numbt''  of  email  targets  are  situated  closely  together,  the 
effect  la  one  of  a target  complex,  rather  than  one  of  individual  targets. 
Dukes  and  McHachern  (1955)  end  Van  Arodall  (1974)  found  chat  grouped  tar- 
gets were  detected  more  often  than  ungrouped  or  single  ones.  If  all  the 
targets  in  the  group  are  the  same  type,  then  identification  of  grouped  tar- 
gets is  no  more  difficult  than  identification  ot  a single  target.  However, 
interpretation  problems  may  arise  in  the  case  of  a heterogeneous  group. 

For  instance,  Vhittenburg  et  al  (1960a)  report  that  placing  a series 
of  different  targets  less  than  3 seconds  flying  time  apart,  tended  to 
reduce  Identification  scores.  They  suggest  that  this  may  have  been  due  to 
a tendency  for  observers  to  “lock  on"  or  fixate  ona  target  et  the  expense 
of  others  nearby.  It  appears  therefore  that  the  effect  of  grouping 
heterogeneous  targets  is  to  facilitate  detection,  but  it  also  impairs 
Identification  of  its  individual  members. 

3.2,5  Target  Motion 

Dyer  (1965)  reports  a field  study  of  air-to-ground  target  acquisition 
where  vehicular  targets  ere  stationary  or  moving  at  the  time  of  acquisition. 
He  found  no  difference  in  acquisition  performance  between  stationary  and 
moving  targets  during  flight  trials  at  1000  ft.  (304.8  n)  altitude  and  speeds 
of  550  Kts  (1019.2  km/hr)  and  700  Kts  (1297.1  km/hr),  although  at  a lower 
altitude  (500  ft.,  152.4  m)  or  lower  speed  (350  Kts,  648.6  km/hr)  moving 
targets  were  more  easily  acquired  than  stationary  ones.  Direction  of  vehi- 
cle motion  relative  to  the  flight  path  was  an  important  factor. 


Erickson  (1965)  has  pointed  out  three  ways  in  which  target  movement 
may  enhance  the  probability  of  detection.  First,  a r.ew  target  may  bo 
created  by  the  motion,  such  as  the  vako  of  « ship,  or  a duct  cloud  behind 
# vehicle.  This  latter  effect  was  responsible  for  the  "apparent''  sighting 
of  a Jeep  on  an  unpaved  rood  by  an  astronaut  orbiting  1Q0  miles  (160.9  km) 
above  the  earth's  surface.  Calculations  by  Taylor  (1964)  show  thia  to  be 
an  entirely  credible  sighting. 

Secondly,  change  in  the  location  ci  the  target  duo  to  its  motion  may 
be  noted.  Third,  the  motion,  per  30,  of  the  target  may  attract  ths 
observer's  attention.  However,  the  angular  velocity  due  to  the  movement 
of  the  target  over  the  ground  most  ba  discriminable  from  the  apparent  angu- 
lar velocity  of  the  ground  at  that  point  due  to  the  aircraft's  motion.  If 
target  angular  velocity  is  not  discrlmiuable  from  around  angular  velocity, 
then  target  movement,  per  so,  cannot  provide  whan cement  of  the  detection 
performance, 

A feature  of  this  Btudy  by  Erickson  ves  the  creation  ci  a nomograph 
for  computing  angular  rate,  figure  3-1  is  a representation  of  the  nomograph; 
the  following  are  the  instructions  for  Its  use. 
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Level  Flight 


INSTRUCTIONS  FOR  USE  UK  ANGULAR  RATE  NOMOGRAPH 


Given: 

(1) 

S offset  distance  to  target 

(2) 

H aircraft  altitude 

(3) 

R range  ahead  to  target 

(4) 

V velocity  of  aircraft 

Ik'H  I red: 

da 

dt 

, the  angular  rate  of  a point  on  the  ground  at  (R,  S) , 

EXAMPLE: 

S - 

265  feet  (80.77  m) 

H ■ 200  feet  (60.96  m) 


R - 2,000  feet  (609.6  to) 

V » 1,000  ft/Bcc  (304.8  m/sec) 


Procedure!  (1)  Find  the  desired  S (265  ft)  on  the  S-scale  on  the  upper 

left  of  the  nomograph. 

(2)  Then  go  across  horizontally  until  the  desired  H-curve 
(200  ft)  is  intersected. 

(3)  Go  straight  down  from  this  intersection  to  the  index 
line  V-W. 


t4)  Fallow  the  curved  lines  down  until  the  desired  vertical 
range  line  (2,000  ft)  is  intersected. 

(5)  Draw  a line  from  the  index  point  on  the  lower  right, 
through  the  intersection  point  obtained  in  (4),  up  to 
the  index  line  X-V. 

(6)  Now  draw  a line  from  thiB  intersection  point  on  the 
index  line,  through  the  desired  velocity  (1,000  ft/aec), 
across  to  the  angular  rate  scale  on  the  far  left.  The 
answer  (4.67  deg/sec)  is  obtained  on  this  scale. 

(7)  For  convenience,  two  different  scales,  A and  B,  can  he 
used,  In  the  example  mentioned,  the  A velocity  scale 
is  used,  so  the  angular  rate  must  be  taken  off  the 

A da/dt  scale.  If  the  B scale  hod  been  used  (V  “ 200 
ft/sec)  the  corresponding  angular  rate  would  be  0.93 
deg/sec,  taken  oil  the  B scale. 

Scales  are  given  as  follows  for  conversion  from  ft/sec  and  in/»ec  to  knots 
and  km/hr  and  from  deg/sec  to  radians/sec. 


3-7 


0 1 7 • :i  4 !> 

>•  *1  ‘ i • - t 4 ■ l -I  4 7 l -•  l- 

0 0.0?  0.0-1  0.00  0.08 


0 O.j  0.0  0.0  t.3  1.0 

0 ,7l)  X7~  5.0 


/ 

8 

10 

UlO/Sl 

0.12 

0.14 

0.10 

1 

HAU/Sl 

2.1 

2.4  ■ 

7.7 

3.0 

M/sie 

2.4 

~o.3 

11.1 

KM/HH 

Dugas  and  Peterson  (1971)  H«y  that  the  reaeon  moving  targets  ure  more 
easily  delected  than  non-moving  ones  is  because  of  the  changing  contrast  ot 
the  target  with  Itii  background.  They  found  that  moving  targets  produce- 
curves  of  acquisition  similar  to  non-moving  targets  but  with  larger  time 
constants.  Their  data  fitted  quite  well  with  Bailey's  (1970)  assumption  of 
an  exponential  time  dependency  for  target  detection  probability.  They  used 
televised  rectangular  targets  against  an  aerial  scene  and  a felt  background. 

A subsequent  study  by  the  same  author  Peterson  and  Dugas  (1971),  extended  th 
previous  results  by  utilizing  targets  having  variable  speed  and  contrast. 
Using  a homogeneous  dot  matrix  and  a solid  square  target  on  a TV  monitor, 
they  found  that  the  following  equation  beat  summarized  the  effects  of  con- 
trast and  target  motion: 

-(f)  Ad 0C  d + 0.45  v2)t 
P - 1 - e ' 

where:  f * glimpse  rate,  assumed  to  be  three  per  second 

As  * area  to  be  searched  in  time  t 

Arf  " normalized  detection  aperture;  an  empirical  constant  that 
varies  with  target  oize  and  background  complexity 

C ■ contrast  of  target  with  respect  to  background 

v « target  velocity  in  deg/sec  subtended  at  the  observer’s  eye 

t - search  time 

This  equation  contains  a linear  contrast  tern  and  a squared  velocity 
terra.  Peterson  and  Dugas  maintain  that  their  reaultg  indicate  that  search 
la  more  nearly  random  than  systematic,  but  that  with  prior  knowledge  of 
detection  aperture,  it  should  be  possible  to  devise  a search  strategy  that 
approaches  systematic  scene  search.  The  use  of  the  term  aperture  is  used 
in  the  sense  that  Bailey  uses  it,  i.e.,  that  the  best  model  of  the  individ- 
ual searching  a scene  is  that  of.  a visual  aperture  which  is  moved  rapidly 
over  the  scene  auu  stopped  in  movement  when  some  suprni  ht  •>*><■>18  point  of 
fixation  is  detected  that  might  be  a possible  target,  - ••  «i»t  is  a 

part  of  glimpse  theory  which  in  the  basis  of  many  a*  --  *.  ■ 

Chapter  6) . 
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1 . J , (i  Scene.  Ay par on  t Hot  1 on 

WIiims  mi  observer  In  an  aircraft  in  look  ins  at  the  terrain  ahead  of  tin- 
aircraft,  tho  terrain  appear*  to  bo  moving  toward  h'iu).  Ah  Greening  ( 1 yo*'t > 
has  pointed  out,  ground  apparent  movement  ban  u degrading  effect  on  dynam- 
ic visual  detection  and  recognition.  The  angular  subtense  of  the  target 
or  other  objects  grows  in  ii/ze;  relative  position  of  target  to  ha< k ground 
cliiingcH  ami  target  lateral  features  grow  at  a different  rntu  than  do  hori- 
zontal features. 

UnacceUrated  flight  pant  a point  on  the  ground  produces  continuous 
change#  in  the  line-of-sight,  as  ahown  in  Figure  3-2.  The  apparent  oiigulai 
position  of  a point  on  the  ground  changes  relatively  slowly  when  tho  range 
is  large  compared  to  the  altitude.  As  the  aircraft  approaches  the  object, 
its  apparent  angular  motion  increases  rapidly  until  it  reaches  the  position 
of  nearest  approach,  and  then  recedes,  in  symmetrical  fashion.  Figure  3-3 
(Greening  and  Sweeney,  1962)  shows  curves  of  angular  rates  v»  time. 


Figure  3-2.  Apparent  Angular  Motion  of 
Ground  Objects 
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Flgure  3-3.  Angular  Rato  as  a 
Furction  of  Timet 


3 . 2 . 6 . 1 Extended  Object  Geometry 

Greening  (1964)  provides  on  excellent  discussion  of  the  dynamic  proper- 
ties of  the  visual  field  when  looking  for  targets  at  low  altitude."  When  a 
collection  of  points  comes  under  observation,  the  visual  geometry  becomes 
complex,  All  the  characteristics  of  the  static  search,  detection,  and 
recognition  problem  exist  simultaneously.  The  quality  of  the  visual  scene 
changes  significantly  with  time.  Some  of  the  changes  arcs 

•>  Angular  Subtense 

"The  angular  subtense  of  any  extended  target  normal  to  the 
line-of -sight  is  a/R,  where  "a"  is  a-  linear  dimension  of  the 
target,  and  "R"  is  the  range  to  the  target.  For  a rectangular 
element  with  dimensions  a x b,  the  apparent  area  will  be  ab/R2 
(Figure  3-4).  Thus,  as  t-»'  object  is  approached,  its  apparent 
linear  dimensions  increase  os  1/R,  while  Its  apparent  aiea 
Increases  as  1/R2 , 

"For  a small  horizontal  surface,  the  3 .teral  subtense  is  again 
approximated  by  a/R.  ’ The  vertical  oubtonsc  involves  the  altitude, 
H.  For  small  angles,  the  verticul  subtense  will  be! 
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x __  H _ h ^ Hb 
K " H ' R * r2 

Thus,  <t  linear  feature  along  the  flight  path  will  lengthen  appar- 
ently .ih  1 / K 2 while  lateral  linear  features  are  growing  as  !/K. 

The  apparent  proportions  of  horizontal  (or  Inclined)  surfaces  will 
thus  be  changing  with  tine. 


i 


sounct  onttNiNa  i««4  ' * 

Figure  3-4.  Subtense  of  Distant  objects 


following  the  same  reasoning,  the  apparent  solid  angle  sub- 
■uied  by  a small  horizontal  surface  will  be  approximated  by 

” H . where  A • a x b,  the  area  of  the  hori- 

N K*  R 

zontal  wot  lace. 

"In  a «..>Kplex  taade  up  of  a horizontal  area  with  projec- 
tions on  it  building#  on  flat  ground),  the  total  apparent 

angular  subtense  of  the  horizontal  e lenten ts  will  be  increasing 
fnater,  l/R^,  with  decreasing  range  than  the  vertical  elements, 
l/R^  (Figure  3-5).  Thus,  at  a distance,  a village  appears  to  be 
oisont  all  buildings,  fences,  etc.,  whii#  from  closer  range  (more 
obltuuc  aspect)  It  seems  to  be  mostly  ground,  roads,  etc. 

"This  relationship  holds  also  for  objects  too  small  to  be 
individually  resolved,  such  as  grass,  pebbles,  etc.  The  result 
1 in  inevitable  change  in  vieual  texture  and,  usually,  in  appar- 
brightness  and  color  as  well,  independent  of  atmospheric 
<.  ecc8  or  visible  detaila. 


RA.NCE  HOOOIt) 


Figure  3-5.  Apparent  Size  of 
Horizontal  and  Vertical  Surfaces 


b.  Apparent  Relative  Position 

"The  apparent  relationships  among  separated  points  in  the 
visual  field  also  undergo  continuous  significant  changes  when 
viewed  from  a low-altitude  vehicle.  For  objects  viewed  as  a 
pattern,  this  means  that  the  aspect  of  the  pattern  varies  with 
/ time . 

1 "For  more  widely  separated  objects,  some  or  all  of  which  have 

significant  vertical  extent,  observer  motion  at  low  altitude  pro- 
duces the  effect  of  intermittent,  partial  or  total  masking  of  one 
object  by  another.  Such  masking  effects  seem  certain  to  have  an 
important  effect  upon  airborne  recognition  performance,  but  data 
and  descriptive  metrics  are  lacking. 

"All  the  geometric  effects  described  above  interact  with  the 
static  visual  variables  such  as  contrast  (brightness  and  color) , 
shape,  atmospheric  attenuation,  clutter  in  the  visual  field,  etc. 
Greening  (1962)  has  made  one  brief  analytical  at  tempt  to  combine 
these  variables  in  a form  usable  for  quesi-dynamic  prediction. 
Using  static  data  presented  by  Middleton  (1952)  and  Boynton  et  al 
(1958),  we  have  plotted  apparent  contrast  as  a function  of  range, 
meteorological  conditions,  and  target  size  (Figure  3-6)." 

(Pages  4-9) . 
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Figure  3-6.  Recognition  Range  and 
Apparent  Contrast 


3.2.7  TnrRcc/’BnckRrr'und  Brightness  Contrast 

Target /background  brightness  contrast  is  a way  of  quantifying  the 
difference  in  brightness  between  the  target  and  its  immediate  background. 

It  is  usually  defined  as: 

Contrast  (X)  - Bt  **  Bb  x 10Q 
V Bb 

where  Bt  la  the  brightness  of  the  target  and  the  brightness  of  the  back- 
ground. Contrast  thus  defined  may  be  positive  or  negative  according  to 
whether  the  target  is  brighter  than  its  background  or  vice  versa. 

In  moat  target  acquisition  studies,  inherent  contrast,  that  is,  the 
target /background  contrast  measured  at  the  real-world  target,  is  of  less 
significance  than  apparent  contrast.  Apparent  contrast  is  the  contrast 
between  target  and  background  measured  at  the  observer's  eye.  This 
depends  on  the  inherent  contrast,  the  slant  range  of  the  target,  the 
characteristics  of  the  intervening  atmosphere  and,  if  an  intermediate 
viewing  system  such  as  television  is  used,  its  transfer  characteristics. 

In  general,  the  greater  the  slant  range  of  the  target,  the  greater  the 
less  of  contrast  due  to  atmospheric  attenuation.  The  extent  of  the  loss 
depends  on  the  density  of  dust  and  water  particles  in  the  atmosphere. 
Problems  of  vision  through  the  atmosphere  ara  extensively  discussed  by 
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MUWU'U'n  (1952)  .iml  data  presented  by  Huntley  (3946)  art;  uiten  used  to 
calculate  Mir  •ifloctB  of  the  loss  oV  coatraat  on  slant  range  and  atmoa- 
('boric  attenuation. 

The  effects  of  target/background  contrast  have  been  extensively 
studied  analytically  and  lit  laboratory  experiments  (ace,  for  instance, 
lilackwel  l,  1946;  Lamar  ct  al,  194?;  Taylor,  1.960(a)  and  (b) ; Vos,  Luzct. 
and  ItMuman,  1956),  These  studies  nre  primarily  concerned  with  contrast 
thrcsho Ids  for  simple  targets  of  different  sizes  against  uniform 
backgrounds. 

Laboratory  conditions  arc  vastly  different  from  those  of  air-to- 
ground  target  acquisition  tasks,  Basic  contrast  threshold  data  have  been 
incorporated  Into  predictive  models  of  target  acquisition  performance. 

There  have  been  relatively  few  field  tests  or  simulator  studies  of  air-to- 
ground  target  acquisition  in  which  apparent  target/background  contrast  has 
been  systematically  varied,  Thackhara,  Wade  and  Clay  (1966)  report  a field 
trial  in  which  target  vehicles  were  located  under  conditions  of  high, 
medium  or  low  contrast,  but  no  contrast  measurements  are  reported.  The 
results  showed  that  the  high  contrast  condition  gave  significantly  longer 
Identification  ranges  for  static  targets  then  the  low  contrast  condition. 

A simulator  experiment  carried  out  by  Ozkaptan  efc  al  (1966)  studied 
target /background  contrasts  ranging  between  5%  and  35X,  The  extent  to 
which  contrast  affected  target  detection  depended  on  both  camera  field  of 
view  and  type  of  briefing.  In.  a simulation  experiment  Jones  and  Bcrgcrt 
(1970)  s'udled  the  effect  of  target /background  contrast  under  closely 
controlled  conditions  In  which  the  subject*;  viewed  the  terrain  model 
directly.  The  contrast  values  of  the  targets  against  their  backgrounds 
ranged  from  5%  to  50X.  The  results  indicated  that  low  contract  levels 
(5  ~ 152)  resulted  in  a large  decrement  in  target  detection  and  recogni- 
tion performance,  This  ir,  uhown  in  Figure  3-7  where  the-  effect  of  centrist 
on  the  vivual  angle  requirements  for  recognition  is  plotted  for  search  and 
no-search  (threshold)  conditions.  Another  study  which  investigated  the 
effects  of  contrast  using  a television  system  indicated  that  contrast  had 
a greater  effect  on  performance  than  under  direct-viewing  conditions  (Uergurt 
and  Fowler,  1970). 

3.2.8  Clutter 


Laboratory  experiments  have  shown  UsAC  ss  ths  tiusbe?  of  objects  in  a 
complex  visual  field  increases,  target  recognition  performance  deteriorates 
(Boynton  and  Bush,  1957;  Chrlotnor,  Schuts  and  Key,  1959;  Williams  and 
Borow,  1963),  In  air-to-ground  target  acquisition  tasks  the  terrain  is 
usually  cluttered  with  objects  other  than  the  target.  Simulation!*  end 
field  8 tudies  haVe  shown  that  the  seme  effects  occur:  a greeter  degree  of 

clutte"  leading  to  s deterioration  in  target  acquisition  performance.  A 
factor  also  likely  to  cause  performance  deterioration  is  that  the  more 
objects  in  the  visual  field,  the  higher  the  possibility  that  one  or  more 
of  these  objects  will  partially  or  completely  mask  the  target.  This  effect 
is  heightened  by  reduction  in  flight  altitude. 


TASGCI/SAUGSOUNO  CONTRAST  (Percent) 
souact:  JONES  WO  CIRGtPT , 1970 

Figure  3-7.  Visual  Angle  Requirements  £01: 
a Recognition  Task  as  a Function  of 
Target/Background  Contrast 

In  a field  study  of  clutter  effects  IJhittenburg  et  al  (1959a)  compared 
the  acquisition  of  targets  located  in  relatively  open  areas  with  that  of 
unconcealed  targets  placed  close  to  natural  terrain  objects.  No  difference 
in  performance  was  found.  Similarly,  a simulator  study  carried  out  by 
Bcrgert  end  Fowler  (1970)  showed  that  a background  cluttered  by  non-target 
objects  ouch  as  trees  or  rocks  did  not  affect  the  subjects*  ability  to 
dint Anguish  the  I'.ergeto,  as  compared  vjith  open  field  backgrounds.  This 
was  aluo  found  by  Van  Aradall  (1974). 


The,ne  vesultn  indicate  that  clutter  pet:  oe  does  not  always  have  a 
dwlctv»loi's  of  feet  oil  t£i’22t  sr.d-isitioiii  Tbs  of  ^ct  ftf  oJuh*  t'f  (lonfindfi 
upon  whether  subjects  are  trained  to  search  affectively,  to  disregard 

orpatt  where  targets  ere  not  likely  to  be.  The  degree  of  similarity  of  the 
cluttering  objects  to  the  target  end  the  conapicuity  of  the  target  are  also 
factors  In  determining  the  effect  of  clutter  on  target  acquisition.  An  easy 
acquisition  task  will  make  the  target  stand  out  like  the  proverbial  oore 
thumb  and  therefore  the  subject  will  not  have  to  fixate  on  r.any  target-like 
clutter  objects. 
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A major  problem  in  studying  the  effectn  of  terrain  clutter  la  that  of 
quantifying  the  degree  of  clutter.  Thla  has  been  attempted  by  Nygnard 
et  al  (1964)  using  various  forms  of  sensor  imagery,  Including  aerial 
photographs.  Using  a stimulus-complexity  analyzer  to  measure  overall  back- 
ground complexity,  a curvilinear  relationship  was  found  between  the  analyz- 
er measure  of  total  object  count  and  recognition  performance  for  both 
photographic  and  infra-red  imagery.  An  inverse  relationship  was  found 
between  target  recognition  tine  and  mean  object  size  and  object-size 
variance.  These  results  suggest  that  it  is  possible  to  quantify  some 
aspects  of  background  complexity  in  relation  to  the  real-world;  further 
research  Is  needed  in  this  area. 

Another  important  factor  closely  related  to  clutter  is  the  degree  to 
which  objects  in  the  surrounding  terrain  resemble  the  target  itself.  This 
factor,  usually  referred  tc  as  target  confusability,  is  considered  in 
Section  3.2.12. 

3.2.9  Terrain  Type 

The  extent  to  which  acquisition  o£  a target  is  affected  by  the  nature 
of  the  terrain  has  been  studied  both  analytically  and  experimentally. 
Analytical  otudieo  (see,  for  instance,  Ballistics  Analysis  Laboratory,  1959; 
Erickson,  1961;  Greening  and  Sweeney,  1962;  Snyder,  1964)  have  concentrated 
on  evaluating  the  probability  that  a target  will  be  potentially  visible, 
that  is,  not  masked  by  intervening  terrain,  at  various  slant  ranges  for 
different  flight  altitudes  and  typeo  of  terrain. 

Terrain  type  refers  to  the  degree  of  ruggedness  of  the  terrain,  for 
instance,  fairly  smooth,  moderately  rough,  or  very  rough.  Terrain  has  also 
been  categorized  in  terms  such  as  overage  gradient  and  average  number  of 
slope  changes  along  sections  of  fixed  length.  The  presence  of  mountainous 
or  hilly  terrain  between  the  aircraft  end  the  target  greatly  reduces  the 
probability  that  there  will  be  a direct  line  of  sight  to  the  target.  The 
target  is  thuG  leas  available  for  detection,  particularly  at  very  low 
altitudes. 

Figure  3-8,  which  illustrates  data  from  Erickson’s  study,  shows  the 
proportion  of  terrain  in  view  as  a function  of  altitude  for  four  terrain 
types,  determined  from  detailed  analysis  of  contour  mops.  Whether  or  not 
a particular  target  will  be  in  view  at  a given  altitude  depends  on  terrain 
type  and  on  ground  range.  For  instance,  at  an  altitude  of  400  ft,  (121.9  m), 
the  probability  of  the  target  being  in  viaw  is  approximately  0.50  over 
moderately  rough  terrain  but  this  falls  to  0.30  over  very  rough  terrain. 

Data  such  as  these  are  of  value  in  determining  optimum  altitudes  for  partic- 
ular raiiiaions. 

Experimental  studies  of  terrain  type  have  been  mainly  concerned  with 
the  effects  of  different  kinds  of  vegetation  and  surface  covering,  which 
form  a background  to  the  target.  These  effects  arise  in  part  from  varia- 
tions in  target/background  contrast  and  in  the  degree  of  target  masking 
which  occur  with  different  terrain  types.  This  result  was  found  by  Wyman, 
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lUwlliigH  and  Sturm  (1965)  In  a simulator  study  of  four  different  terrain 
types,  plain  (i.c.  grey),  rural,  desert,  and  fnreiit.  The  results  showed 
that  masking  eflecta  due  to  the  simulated  forest  background  brought  about 
a reduction  in  recognition  probability  of  approximately  0.20  as  compared 
with,  the  other  three  backgrounds. 


< 


SOURCE:  ERICKSON,  1951 

Figure  3-8.  Proportion  of  Terrain  in 
View  as  a Function  of  Altitude 


In  another  simulation  study  of  background  effects,  Blackwell,  Ghsuirt 
and  Harcua  (1958),  also  using  a terrain  model,  studied  the  recognition  of 
vehicular  targets  against  three  backgrounds,  asphalt,  grass  and  dirt. 

Slant  range  of  recognition  was  significantly  affected  by  background  type, 
tin  dirt  background  giving  the  longest  ranges  and  the  asphalt  background 
the  shortest.  The  asphalt  background  also  resulted  in  a substantially 
loaor  recognition  probability  than  the  other  two  backgrounds.  These  results 
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Field  tasting  has  shown  that  terrain  type  also  affects  visual  naviga- 
tion performance.  Heap  £1965)  reported  o significantly  lower  number  of 
successful  navigation  runs  made  over  terrain  f.n  North  Gorman/  than  were 
made  in  Southern  England,  and  a still  lower  proportion  made  over  South 
Gorman  terrain,  A possible  reason  for  this  finding  is  the  higher  proportion 
of  mountainous  and  forested  terrain  in  South  Germany  than  in  either  North 
Germany  or  Southern  England,,  with  a resulting  higher  incidence  of  maoking.  t 
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3.2.9. 1 Torni In  Clasnlf icatlon 


Erickson  (1961)  empirically  studied  the  effects  of  gross  terrain 
features  upon  ground  visibility. 

He  initially  classified  the  terrain  by  inspection  as  being  fairly 
smooth,  moderately  rough,  rough,  and  very  rough.  A quantitative  classi- 
fication of  the  terrain  was  obtained  by  noting  the  numbers?  changes  in 
slope  direction  (from  up-co-down  or  down-to-up)  in  each  12,G.00-foot 
(3657.6  m)  section.  The  average  slope  of  each  section  wan  meu.inred  in 
degrees  from  the  horizontal.  The  equation  defining  average  slope  is: 


Average  slope  * 


where  S 

n 


An  example 


is  the  elope  of  Che  terrain,  in  degrees  from  the  horizontal, 

is  the  horizontal  distance,  in  feet  (or  rasters) , through  vjhich 
the  terrain  has  the  slope  Sn, 

is  the  total  length  of  the  section,  in  the  same  units  E3 
of  ouch  a terrain  calculation  is  shown  in  Figure  3-9, 
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This  figure  shows  three  slope  direction  changes  and  an  average  slope  of 

IhiMhK  +NM8Jl)t+M°5. 

D1  + °2  + DJ  + h + °5 

Figure  3-10  illustrates  Rrickuon'e  method  of  computing  degree  of 
obstruction,  and  Figure  3-11  shovis  the  results  of  hiss  terrain  classification 
effort,  . 

Ryll  (1962)  has  a good  discussion  of  influence  of  terrain  on  target 
detectability  and  contains  a useful  model  of  terrain  maaking  and  the  effects 
of  foliage  masking.  This  model  is  besed  on  a ground  roughness  survey  conduct- 
ed by  Che  Institute  for  Cooperative  Research  (1961), 
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Figure  3-10.  Graphic  Method  of 
Computing  Degree  of  Obstruction, 
(a)  Plan  view,  (b)  profile  of 
plan  S-S,  (c)  visibility 
• computation  sheet. 
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1.2.10  Masking 


A target  be comet;  available  for  detection  only  when  there  lu  a clear, 
unobstructed  Unc-of-ulght  between  It  and  the  observer.  If  a target  la 
partially  or  completely  obscured  by  intervening  objects,  it  la  said  to  be 
inked.  As  an  aircraft  approaches  an  obucured  target  a point  will  come  at 
ailch  the  target  ccascy  to  be  completely  masked  and,  after  further  travel, 
finally  becomes  comp  etcly  exposed. 

The  range  at  which  unmasking  occurs  is  critical  bb  it  combines  with 
aircraft  speed,  to  determine  the  length  of  time  available  for  target  acqui- 
sition. The  apparent  size  of  the  target  mus*-  be  large  enough,  at  the  time 
of  unmasking,  for  detection  to  take  place. 

The  extent  to  which  an  intervening  object  will  maak  a target  depends 
on  the  relative  sizes  and  positions  of  object  and  target,  and  the  altitude 
at  which  Che  aircraft  is  flying.  The  lower  the  altitude  the  greater  is  the 
likelihood  that  masking  will  occur.  The  main  cause  of  masking  is  obstruc- 
tion by  hilly  terrain,  but  buildings  and  vegetation  in  the  vicinity  of  the 
target  can  also  give  rise  to  masking  effects. 

From  a knowledge  of  the  geometry  of  a particular  situation,  i.e.  size 
and  position  of  object  and  target,  and  aircraft  altitude,  the  degree  of 
masking  which  will  occur  at  any  particular  range  can  be  calculated;  the 
range  at  which  complete  unmasking  occurs  can  also  be  predicted. 

Rusis  and  Rawlings  (1966)  performed  a low-level  high  speed  air-to- 
ground  photographic  simulation  investigating  the  effects  of  masking  and 
level  of  reconnaiosance/intelligence  information.  They  not  unexpectedly 
found  that  the  higher  the  level  of  masking  due  to  terrain  or  atmospheric 
conditions,  the  worse  was  the  level  of  recognition  performance  of  their 
subjects.  They  also  found  that  the  heavier  maoking  (shorter  range  to  unmask 
point  of  target)  resulted  in  a shorter  acquisition  time,  i.e.,  the  mean  time 
between  target  availability  and  correct  recognition  (3.95  seconds  for  heavy 
masking,  6.23  seconds  for  medium;  and  8.81  seconds  for  light).  They  explain 
this  result  by  a possible  tendency  of  their  subjects  to  search  for  targets 
in  areas  which  were  closer  to  the  aircraft,  or  because  targets  that  are 
heavily  masked  become  exposed  at  shorter  ranges  than  do  lightly  masked  tar- 
gets. A third  possible  explanation  is  that  due  to  the  close  range  of  the 
targets  at  unmask  point  there  was  not  as  ouch  time  available  for  recognition 
as  for  the  lighter  level  of  masking.  This  constrained  the  data  to  the 
shorter  recognition  times  chat  were  found. 

Masking  effects  have  not  been  systematically  studied  in  field  tests  or 
by  simulation  techniques  although  Whittenburg  et  al  (1960a)  report  that 
target  detection  and  recognition  scores  dropped  substantially  when  targets 
were  deployed  so  an  to  utilize  natural  concealment.  However,  exposure  time, 
which  depends  partially  on  maoking,  has  been  studied  experimentally  (cf 
Chapter  5)  and  has  been  shown  to  be  a driving  function  of  search  success 
probability. 


1 • 2 . 1 1 Vegetation 


The  type  of  vegetation  In  the  vicinity  of  the  target  affects  both  the 
background  oi  the  target  and  the  degree  of  masking  likely  to  occur;  these 
can  affect  target  acquisition  performance.  Brake  (1955)  in  a field  study 
of  .il  r-to-grouml  target  acquisition  found  that  targets  In  the  open  were 
detected  approximately  1.8  times  as  often  as  those  located  in  wooded  ureas. 


The  extent  to  which  targets  arc  masked  by  surrounding  vegetation  depends 
to  some  extent  on  the  thickness  of  foliage,  which  itself  depends  on  the  time 
of  the  year.  Studies  of  masking  effects  (Ballistics  Analysis  Laboratory, 

19 *^0 > have  shown  that  the  probability  that  a target  is  exposed  at  any  partic- 
ular range  depends  on  whether  or  not  tol.sge  is  present.  For  instance,  at 
a range  of  3000  ft.  (914. A m)  and  on  altitude  of  324  ft.  (98.8  m)  the  proba- 
bility of  a 7 ft.  (2.1  »)  target  being  exposed  was  approximately  90%  under 
no-foliaae  conditions,  but  this  was  reduced  to  about  30%  if  foliage  was 
present.  At  lower  Altitudes,  the  effect  was  even  more  marked. 


3.2.12  Target  Congpiculty,  Embeddedness , Ambiguity,  or  Confussbility 

Target  congpiculty  refers  to  the  similarity  between  a target  object  and 
the  non-target  objects  in  its  vicinity,  or  to  that  between  several  target 
objects,  Laboratoty  studies  have  shewn  that  the  greater  the  similarity  of 
targets  end  non-torgeta,  in  terms  of  sire,  shape  and  contrast,  the  greater 
the  search  time  required  for  recognition  of  the  target  (Bloomfield,  1970; 
Smith,  1961),  Similar  effects  occur  in  air-to-ground  target  acquisition, 
particularly  in  the  case  of  email  tactical  targets,  but  this  has  been 
relatively  little  investigated. 


Hicks  and  Holer  (1966)  studied  the  extent  to  which  confusion  occurred 
in  the  identification  of  five  different  tactical  targets  in  a field  situa- 
tion. They  found  a wide  variation  in  the  percentage  of  times  n target  was 
misidentifiod.  The  greatest  confusion  occurred  between  the  three  largest 
targets  which  were  nlso  the  targets  that  were  most  likely  to  be  detected. 
Sire  and  chape  oiailari'ciao  were  largely  the  cause  of  these  results. 


An  experiment  of  & rather  different  type,  also  relevant  to  the  problem 
of  confuaa’ollity,  was  carried  out  by  Whittenburg,  Schreiber  and  Richards 
(1959b).  They  conducted  a series  of  trials  to  determine  the  extent  to  which 
real  tactical  targets  could  be  distinguished  from  dummy  replicas  of  actual 
equipment  under  high-speed,  low-level  flight  conditions.  The  results  showed 
that  dummies  could  ba  discriminated  from  the  real  targets  much  more  readily 
for  large  targets,  ouch  as  2 1/2  con  vehicle,  than  fo-  omall  targets  such 
os  a 1/4  ton  vehicle.  It  la  difficult  to  draw  any  conclusions  from  these 
results  without  knowing  the  extent  to  which  the  dummies  resembled  the  real 
targets.  Apparently,  color,  structure,  texture,  and  signs  oi  operational 
use  and  weathering  helped  the  subjects  to  distinguish  the  real  from  the 
dummy  targets. 


1 . 2 , 1 J Background  Scaling  and  Interaction 


7.nl tzeff  (1971)  attempted  to  develop  a target-ln-baekground  mutrle  to 
he  lined  In  live  prediction  of  dynamic  visual  aircrew  target  acquisition  per- 
formance. He  used  factor  analysis  and  ridge  regression  to  develop  o predic- 
tor equation  of  target  acquisition.  Seven  basic  parameters  were  found  which 
accounted  for  most  of  the  variability  in  the  air-to-ground  cumulative  target 
acquisition  probability.  These  predictors  were:  1.  target  length,  2.  tar- 

get width,  3.  detail  contrast,  4,  target  contrast,  5.  element  count, 

6.  ambiguity,  and  7.  heterogeneity.  These  7 accounted  for  79%  of  the 
variance  in  target  acquisition  probability.  This  amount  of  predictive  power 
was  obtained  when  he  tested  16  subjects  in  static  target  acquisition  using 
10  scenes  of  the  approach  to  the  target  filmed  during  the  JTF-2  program 
(Hyman,  Ciltnour,  Snyder,  Jahns,  and  McGrath,  1968).  The  first  five  param- 
eters are  physical  and/or  photometric  measures  while  the  last  two  are 
psychophysical.  These  two  psychophysical  parameters  were  scene  ambiguity, 
determined  by  asking  the  subjects  to  determine  the  average  number  of  target 
area  possibilities  in  each  scene,  and  scene  heterogeneity  (judged  scene 
complexity).  This  study  attempted  to  characterize  scone  clutter  in  meaning- 
ful predictive  ways.  The  effort  should  be  continued  and  expanded  since  it 
has  great  possibilities  for  increasing  the  accuracy  of  our  ability  to  pre- 
dict target  aemiisition  probability  and  acquisition  ranges. 

Mendez,  Freitag  and  llallenback  (1972)  In  analyzing  infra-red  imagery, 
found  that  Fourier  transforms  of  microdensitometric  traces  across  the  target- 
scene  interface  were  a good  indicator  of  scene  complexity  as  judged  subjec- 
tively. They  recoranend  this  method  for  characterizing  background  clutter. 
Unfortunately  they  did  not  correlate  these  relative  photometric  energy 
traces  with  an  objective  measure  of  the  target  acquisition  probability  of 
the  photographic  imager. 

3.2.14  Color  and  Color  Contrast 

One  of  the  factors  that  determines  whether  a target  can  be  detected  is 
that  of  differences  in  the  color  of  the  target  and  of.  the  color  contrast  of 
the  target  to  its  background.  Middleton  (1936)  studied  the  applicability 
of  the  C.l.E.  metric  to  that  of  colored  point  sources.  Konchoieder  (1924) 
thought  that  there  should  be  a apecial  theory  for  the  visual  range  of  colored 
objects  by  reason  of  the  two  contrasts  involved,  brightness  and  chroaaticity. 
Brown  end  MacAdnm  (1949)  measured  the  visual  sensitivities  of  human  vision 
to  combined  chrcmsticity  and.  luminance  differences.  However,  the  target 
acquisition  task  is  such  that  the  targets  are  relatively  omaii,  usually  less 
than  half  a degree.  Middleton  (1952)  is  certain  that  the  threshold  of 
chromaticity  difference  increases  greatly  below  a subtense  of  about  half  a 
degree,  He  also  shows  that  on  object  of  any  color  appears  nearly  achromatic 
by  the  addition-  of  air-light  by  the  tins  its  color  contrast  with  the  horizon 
aky  has  fallen  to  such  a low  value  that  it  will  disappear.  Even  in  those 
cases  where  the  color  appears  to  be  just  outside  the  HacAdaro  ellipse  (just 
noticeably  different  from  source  C used  by  HacAdam  - 1942,  1943),  color  con- 
trast does  not  have  much  effect  on  the  visual  range  of  air-to-ground  target 
detection  or  recognition. 


Thin  h.is  been  verified  lor  television  target  acquisition  by  Fowler  and 
Jones  (1972)  wlio  found  no  significant  differences  in  acquisition  (detection 
or  recognition)  when  the  same  dynamic  simulated  (terrain  table)  missions 
were  displayed  by  color  or  block  and  white  TV. 

In  the  related  problem  of  air-sea  rescue,  color  contrast  does  help  in 
the  location  of  rafts  ond  flotation  deviceo.  Against  a water  or  water- 
simulated  background,  early  work  indicated  that  flrc-orango  was  more  highly 
detectable  than  other  hues.  Soma  of  the  later  work  indicates  that  colors 
in  the  red  band  (Munscll  colors  10RI*  to  10R)  were  more  detectable  than  oilier 
hues  of  the  same  value  and  chroma  (Farnsworth,  Malone  and  Sexton,  1952). 

In  a series  of  studies  investigating  the  relative  efficiency  of  different 
colors  for  markers  and  signals,  Hllgcndorf  (1971)  found,  ,l...  There  Is  llttli 
doubt  that  coiors  in  the  red  and  near-red  portions  of  the  electromagnetic 
spectrum  present  the  best  universal  signalling  characteristics. " 

A recent  study,  reported  in  Van  Arsdall  (1974)  did  find  statistically 
different  target  acquisition  performance  as  a function  of  target  color 
contrast  with  a green  terrain  background  on  a terrain  model  when  brightness 
contrast  was  equated  for  th«  three  tank  target  colors  (brown,  green,  and 
gray).  The  scale  of  the  terrain  table  (1000:1)  necessitated  ohort  viewing 
distances,  ond  no  atmospheric  degradation  was  used  to  make  the  simulation 
approach  the  real  world  color  contrast  attenuation  by  the  atmosphere. 

Kraft  end  Anderson  (1973)  found  no  statistically  significant  difference 
between  achromatic  and  chromatic  Imagery  when  displayed  either  stereo- 
scopically  or  nongtcreoscopically.  They  did  find  that  the  prediction  of 
target  acquisition  performance  on  achromatic  imagery  was  less  certain  than 
that  obtained  on  chromatic  imagery.  This  finding  helpB  to  confirm  the 
opinion  of  Middleton  that  color  is  not  on  important  vavisblc  in  target 
acquisition,  especially  since  the  Kraft  end  Anderson  results  were  obtained 
by  the  near  real-time  dynamic  presentation  of  1:3000  scale  strip  imagery 
moving  at  3 degrees  per  second. 

3.2.15  Camouflage  and  Texture 

An  intuitive  (or  naiva)  view  of  sir-to-ground  target  acquisition  might 
indicate  that  tho  texture  of  the  target  would  provide  a cue  to  its  location. 
Although  no  good  definition  of  texture  exists  in  the  literature,  it  has  boon 
defined  as  surface  coatings  of  mud,  dirt,  etc.  However,  the  three- 
dimensionality  of  texture  when  observed  at  close  renge  translates  into  con- 
trast differences  at  the  long  ranges  usually  deBired  for  target  acquisition. 
Freitag  (1974)  says  that  texture  at  least  in  a oimuiation  terrain  table 
study  is  not  a good  variable  to  tost  because  of  its  confounded  nature  with 
contrast  and  detail  outline  and  because  it  is  leas  important  than  clutter, 
illumination,  atmospheric  effects,  etc. 

A recent  classified  symposium  (Laurence,  1973)  on  passive  counter- 
surveillance contains  several  articles  on  the  use  of  camouflage  as  a counter- 
surveillance  technique.  Of  particular  interest  is  the  paper  given  by  bucklin 
(Chapter  27)  on  the  history  end  status  of  small  items  camouflage. 
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Gauum  Huge  has  been  studied  extent! ively  In  Rround  detection  of  pu ri.omu:  1 - 
sized  targets  to  determine  detection  range  at*  n function  of  c.imouf Inge  varia- 
bles. l’aync  (1972),  Snyder  and  Rowland  (1968),  Grayson  and  f'ayne  (1971), 
and  Gut t men  and  Webster  (1972)  discuss  several  techniques  and  methods  of 
determining  detectability  range  of  camouflaged  targets.  Little  work  has 
been  done  on  camouflage  of  large  targets  in  air-to-ground  detection,  pri- 
marily because  oi  the  wide  u3c  of  auxiliary  sensing  devices  such  as  radar, 
FLIKS,  etc.,  which  are  not  affected  by  camouflage,  at  least  in  the  visual 
spectrum. 

3.2.16  Flare  Light 

MacLeod  (1973)  has  recently  reviewed  the  effectiveness  of  flare  light 
on  visual  target  acquisition  for  the  Target  Acquisition  Working  Croup  (TAWG) . 
This  report  summarizes  the  flare  design  characteristics,  the  flare-observer 
interface,  environmental  determinants  of  flare  effectiveness  and  the 
strictly  human  factors  aspects.  MacLeod  costas  to  the  conclusion,  after 
surveying  the  available  literature,  that  ...  "One  particular  source  of  weak- 
ness in  these  models  (of  flare  effectiveness)  is  the  Injudicious  use  of  data 
drawn  from  basic  research  which  may  bo  inapplicable  to  the  complexities  of 
target  acquisition  in  the  real-world.  Another  limitation  is  the  inability 
to  account  for  unique  interactions  among  variables  which  require  empirical 
determination."  To  which  can  only  be  added  that  this  criticism  could  be 
leveled  at  all  aspects  of  target  acquisition  modeling  and  to  the  field  in 
general  except  for  field  testing  where  the  paucity  of  field  instrumentation 
adds  to  the  usual  field  test  problems, 

Hllgendorf  (1969,  1970,  1971c,  1971b,  1972,  1974)  has  used  a small 
5 x 18  foot  terrain  table  to  evaluate  different  types  of  flares,  different 
Ignition  altitudes,  the  effects  of  shielding,  and  the  effect  of  varying 
observer  altitude. 

A big  problem  with  terrain  tables  is  their  lack  of  simulating  atmos- 
pheric conditions  applicable  to  real  target  acquisition  conditions.  Katz, 
Asc,  Raison,  and  Hllgendorf  (1970),  simulated  fogs  and  mists  by  means  oi  an 
environmental  chamber.  Under  simulated  night  conditions  with  flare  illumi- 
nation, they  used  aerosol  clouds  with  visual  attenuation  comparable  to  real 
fogs.  They  studied  the  effects  of  fog  density,  flare  intensity  oud  compared 
unfiltered  vision  and  vision  through  a yellow  haze  filter.  They  found  a 
direct  correlation  between  visual  acuity  and  fog  density  levels,  an  inter- 
action between  visual  acuity,  fog  concentration,  and  light  levels  in  the 
ranges  studied.  At  Increased  light  levalo,  subjects  tended  to  show  slightly 
less  sensitivity  to  changes  in  the  fog  density.  No  evidence  of  improved 
visual  performance  whs  observed  when  the  yellow  haze  filter  was  used. 

Blunt  and  Schraoling  (1968),  and  Cliehara  (1969)  are  excellent  sources 
of  data  pertaining  to  the  impact  of  target-background  fectora  in  target 
acquisition  utilizing  flare  illumination.  The  former  have  a multi-step 
planner's  guide  for  selecting  an  appropriate  flare  from  known  physical 
characteristics  of  the  target  being  searched  for. 


Davis  (197!)  used  a 1:160  scale  terrain  tnodnl  t-  ^elcrtainc  the  amount 
of  ground  Illumination  required  for  recognition  of  vehicles  and  personnel 
as  a function  of  target  illumination  angle,  range,  terrain  background  and 
angle  of  observation.  He  found  that  a progressively  smaller  amount  of  flare 
light  is  needed  to  recognize  the  target  as  the  flare  moves  from  a position 
between  the  target  and  the  observer  at  a target  illumination  angle  of  30 
degrees,  through  an  overhead  position  (90  degrees)  to  a position  behind  and 
above  the  target  at  150  degrees. 

3.3  A t a or.j ’herlc  Conditions 

Atmospheric  conditions,  particularly  visibility,  greatly  affect  target 
acquisition  performance.  Analytical  studies  of  target  acquisition  and  mathe- 
matical modeling  have  considered  the  effects  of  atmospheric  conditions,  but 
field  studies  often  overlook  this  important  determinant  of  detection/recog- 
nition range  and  probability. 

Precipitation  has  an  important  affect  on  acquisition  and  extreme 
veather  conditions  ouch  as  fog,  heavy  rain  or  snow-fall  seriously  degrade 
performance,  nnd  sometimes  render  target  acquisition  impossible. 

3,3.1  Cloud  Cover 


Cloud  cover  appears  to  have  an  effect  on  target  acquisition  performance 
by  virtue  of  its  effect  or.  3cene  illumination,  shadow  effects  and  masking. 
Whittenburg  et  al. , (1960a)  report  that  cloud  cover  tended  to  slightly 
improve  observer  efficiency,  while  Dyer  (1964)  found  that  it  made  little 
difference.  Cloud  cover  ceiling  height  was  found  by  Bradley  (1974)  to  have 
a strong  effect  on  the  target  acquisition  probability  under  flare  illumina- 
tion due  to  its  eff'ct  on  the  available  search  time. 

3.3.2  Diurnal  Variation 


Tima  of  day  affects  voth  the  general  level  of  illumination  on  the 
earth's  surface  and  the  position  of  the  sun,  in  azimuth  and  elevation,  thus 
altering  the  nature  of  the  shadows  cast.  Target  acquisition  performance 
could  be  affected  by  the  time  of  day  at  which  field  trials  are  carried  out, 
although  little  systematic  work  has  been  done  to  investigate  this  variable. 

Data  that  have  been  analyzed  to  investigate  time-of-day  effects  have 
yielded  largely  negative  results.  Hicks  and  Moler  (1966)  and  Snyder  et.al., 
(1966)  failed  to  find  any  significant  effects  due  to  time  of  day  in  studies 
conducted  under  daylight  conditions. 

There  is  evidenco  that  the  decrease  in  illumination  occurring  shortly 
after  sunBot  is  very  important  in  determining  the  range  at  which  targets 
can  be  detected  (Hecht  et  al. , 1944).  Although  studies  have  been  carried 
out  to  evaluate  low-light  sensor  systems,  there  arc  no  reports  of  studies 
in  which  direct,  unaided  target  acquisition  performance  has  been  compared 
for  daylight  and  twilight  conditions.  Results  quoted  by  Whittenburg  et  al,, 
(1960a)  indicate  that  night-time  illumination  conditions  preclude  the 
effective  detection  end  identification  of  targets. 
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Sun  angle  refers  to  the  direction  of  the  nun  In  relation  to  the  air- 
craft's track.  The  effect  of  nun  angle  on  target  recognition  performance 
has  been  studied  by  Blackwell,  Ohemrt  and  Harcum  (1938)  in  botli  field 
studies  and  simulation  experiments.  For  the  five  nun  angle  values  tested 
an  approximately  linear, relnt ionshlp  was  found  between  slant  recognition 
range,  plotted  on  a log  scale,  and  sun  angle,  as  shown  in  Figure  3-12. 

Knngcs  were  greatest  when  the  aircraft  track  was  directly  away  from  thw  sun's 
position,  and  least  when  the  aircraft  was  flying  In  the  direction  of  the 
sun.  Forward  observation  was  most  seriously  affected  by  glare  when  the  sun 
was  ahead  of  the  aircraft  direction  of  motion. 


♦RELATIVE  SLANT  RANGE  REFERS  TO  RANGE  EXPRESSED  AS  A PORTION 
OF  THE  OVERALL  KEAN  RANGE  UNDER  FIELD  OR  SIMULATOR  CONDITIONS. 

SOURCE:  BLACKWELL,  OKMART  AND  KARCUM,  1958 

Figure  3-12.  Tho  Effect  of  Sun  Anglo  on  Slant 
Recognition  Range 


Slniil.it'  results  were  found  by  Cordon  and  Lou  (1959)  who  studied  the 
otluct  of  llluininant  azimuth  and  elevation  on  the  detection  and  identifica- 
tion of  targets  in  a miniature  battlefield.  Elevation  appeared  to  have  a 
greater  efiect  on  performance  than  azimuth. 

, These  results  are  in  accordance  with  Clio  findings  of  Dyer  (1964)  that 

\ the  position  of  tlie  nun  relative  to  the  flight  path  affected  target  acqui- 

sition ranges  during  those  flight  trials  conducted  when  visibility  was 
restricted  by  haze. 

The  results  of  detection  have  been  studied  in  a number  of  laboratory 
experiment!).  These  studies  agree  that  as  the  level  of  Illumination  in- 
creases, performance  improves  until  an  asymptotic  level  is  reached,  beyond 
which  further  increases  in  incident  illumination  do  not  have  a significant 
• effect  on  acquisition  performance.  No  relationship  was  found  between  the 

incident  light  intensity  at  the  time  of  identification  and  the  accuracy  of 
target  identification.  But  the  limited  amount  of  available  data  did  not 
. allow  the  evaluation  of  shadow  effects. 

3.3.4  Illumination  Levels 

The  effect  of  lighting  conditions  has  boon  extensively  studied  both 
analytically  and  in  field  tests.  The  early  work  in  this  area  was  done  by 
tho  Camouflage  Section  of  the  National  Defense  Research  Committee.  The 
results  of  this  research,  which  was  based  on  tho  work,  of  Blackwell  (1946) 
was  first  reported  by  Duntley  (1948)  in  a series  of  nomographic  visibility 
charts  that  related  the  liminal  (threshold)  circular  target  visibility  to 
angular  aubtonoe,  illumination  level  and  target/background  contrast. 

Duntley' s nomographs  provided  the  minimal  distance  that  a circular  target 
could  bo  soon.  In  spite  of  explicit  cautions  by  Duntley,  his  nomographs 
have  frequently  boon  misused  by  applying  them  without  taking  into  account 
the  appropriate  field  factors  in  the  prediction  of  target  acquisition 
range.  It  should  also  be  remembered  that  the  Blackwell  data  were  taken  from 
well-trained  subjects  with  homogeneous  test  backgrounds,  for  removed  from 
1 the  operational  situation  of  flight,  where  terrain  backgrounds  with  non- 

homogeneoun  targets  of  irregular  dimensions  aro  the  typical  conditions  of 
nearch.  Forced  choice  was  used  by  Blackwell  with  no  search  of  the  visual 
,(  oceno. 

To  convert  from  the  0.50  probability  of  the  nomographs  to  the  0.90 
probability  in  the  real  world,  Duntley  recommends  halving  the  inherent  con- 
trast of  the  target  before  entering  the  nomographs;  this  yields  a sighting 
range  which  he  defines  as  the  point  where  the  observer  has  confidence  in 
j his  detection  of  tho  target.  Duntley  also  developed- the  basic  equation 

relating  targot  visibility  to  luminar-  e of  the  background,  meteorological 
range,  and  tho  optical  slant  range: 
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B0  » Inherent  luminance  of  the  background 

* the  ii|)|i«rent  luminance  of  the  background 

K * optical  slant  range 

C * inherent  contrast 
o 

v «■  the  meteorological  range 

Thia  equation  describes  how  the  atmosphere  acts  to  attenuate  the  target/ 
background  contrast  by  scattering  and  absorption  of  the  light  quanta,  and 
shows  that  it  is  an  exponential  function  of  the  optical  to  meteorological 
slant  range  ratio.  Meteorological  slant  range  was  defined  as  the  distance 
for  which  the  contrast  transmittance  of  the  atmosphere  is  2 percent. 

Most  of  the  target  acquisition  modeling,  analytic  and  field  data 
gathering  (all  having  to  do  with  the  physical  properties  of  the  atmosphere 
ir«  scattering  and  absorbing  light  and/or  other  typeo  of  radiation  such  as 
IR,  UV  and  laser  wavelengths)  have  followed  the  lead  of  Duntley,  notably  at 
the  Visibility  Laboratory  of  the  Scripps  Institute  of  Oceanography  and  at 
the  Air  Force  Cambridge  Research  Laboratories  at  Bedford,  Mass.  Following 
Duntley’s  load,  Penndorf,  Goldberg,  and  Lufkin  (1952)  surveyed  the  slant 
visibility  problem  suitable  for  direct  field  use.  They  extended  the  useful- 
ness of  Duntloy's  work  to  airborne  (hence  slant)  visibility  under  a standard 
clear  atmosphere,  a thin  fog  layer  ra  the  ground,  two  different  kinds  of 
visual  ranges  above  the  fog  layer,  and  finally  a thin  dust  layer  imbedded  in 
the  atmosphere  between  6,000  and  7,000  feet.  They  have  taken  into  considera- 
tion the  position  of  the  sun  relative  to  the  visibility  horizon. 

Under  field  conditions,  the  level  of  illumination  depends  mainly  on  the 
time  of  day,  the  degree  of  cloud  cover  and  the  presence  or  absence  of  shadow. 
However,  flold  trials  reported  by  Whittenburg  et  al.,  (1959b)  indicate  that 
short-term  variations  in  incident  illumination  do  not  have  a significant 
effect  on  acquisition  performance.  No  relationship  was  found  between  the 
incident  light  intensity  at  the  time  of  identification  and  the  accuracy  of 
target  identification,  but  the  limited  amount  of  available  data  did  not 
allow  tho  evaluation  of  shadow  effects. 

3.3.5  Seasonal  Variation 


The  time  of  year  at  which  field  tests  are  performed  affects  a number 
of  parameter*  relevant  to  target  acquisition  performance.  These  include 
meteorological  conditions,  target/background  contrast  and  vegetative  mask- 
ing. The  most  noticeable  seasonal  change  occurs  "hen  the  terrain  is  covered 
with  sr.ow  end  many  of  the  minor  features  which  normally  create  a cluttered 
appearance  are  no  longer  visible.  In  addition,  a covering  of  snow  obliter- 
ates numerous  shades  and  textures  and  replaces  tharo  by  a much  higher  bright- 
ness. For  instance,  the  weighted  reflection  factor  for  fresh  snow,  taken 
from  Erickson  (1965),  is  0.77  as  compared  with  0.03  for  black  earth,  0.09 
for  paved  roads  and  buildings,  and  0.50  for  open  sea. 
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Tlie  effects  of  a snow  ground  cover  on  navigation  and  target  acquisition 
are  not  known.  In  some  cases  navigation  might  be  facilitated  by  the  reduc- 
tion of  clutter,  which  allows  some  important  features,  such  as  railways,  to 
stand  out  more  clearly.  Hie  effect  of  snow  on  target  acquisition  performance 
depends  on  whether  critical  details  of  the  target  are  hidden,  and  on  changes 
in  target/background  contrast. 

No  systematic  atudy  of  the  effects  of  seasonal  variation  has  been  per- 
formed, probably  because  of  the  inevitably  long-term  nature  of  such  a study; 
also,  since  several  variables  are  confounded,  it  would  be  difficult  to 
determine  the  exact  cause  of  any  effecto  found. 

3.4  Visibility 

3.4.1  Definition  of  Visibility 

Visibility  is  the  distance  of  an  object  from  the  observer  at  which  the 
contrast  between  the  object  and  its  surroundings  equals  the  threshold  of 
contrast  of  the  eye,  i.e.,  the  object  is  just  at  the  limit  of  visibility. 

This  distance  is  called  the  "visual  range"  and  is  uaually  denoted  by  V (in 
miles)  or  (in  nautical  miles). 

Meteorological  range  is  defined  as  the  range  at  which  the  contrast  of 
a large  black  object  seen  against  the  horizon  falls  to  0.05,  whore  0.05  is 
the  value  given  to  the  threshold  contrast.  According  to  Middleton,  threshold 
contrast  values  can  range  from  0.005  to  0.100,  but  internationally,  meteoro- 
logical range  is  now  defined  in  terms  of  the  0.05  value  (World  Meteorologi- 
cal Organization,  1958)  although  a value  of  0.02  is  still  sometimes  used. 
Since  the  attenuation  characteristics  of  the  atmosphere  vary  with  altitude, 
meteorological  range  which  is  a slant  range  measurement,  also  varies  with 
altitude,  increasing  as  altitude  increases. 


Since  an  object  cannot  become  available  for  detection  until  it  is  at 
a range  equal  to  or  ?.ess  than  the  visual  range,  target  visibility  has  some 
effect  on  target  acquisition  performance.  Field  study  results,  however,  in- 
dicate that  if  visibility  is  above  a minimum  of  about  3 miles  (4.8  km),  it 
has  little  effect  on  target  acquisition.  For  instance,  Heap  (1965)  reports 
that  target  detection  probabilities  showed  no  significant  differences  in 
visibility  conditions  of  4 to  10  miles  (6.4  to  16,1  km)  as  compared  with 
visibility  conditions  greater  than  10  miles  (16.1  km).  Similar  results  are 
reported  by  Whittanburg  et  al,,  (1960a). 


On  the  other  hand,  Dyer  (1964)  found  that  poor  visibility  caused  by 
haze  had  a marked  effect  on  the  pilot’s  ability  to  navigate  and  detect  tar- 
gets. In  hazy  conditions,  the  angle  of  the  sun  relative  to  the  flight  path 
was  particularly  Critical.  This  letter  offset  is  in  accordance  with  analyt- 
ical studios  by  Goldberg,  Lufkin  and  Penndorf  (1952)  which  show  that 
visibility  in  the  direction  of  the  oun  is  always  reduced,  as  compared  with 
that  in  the  half  circle  opposite  the  gun  which  remains  approximately 
constant. 
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The  U fleet  of  haze  on  search  time  has  been  studied  under  static  simu- 
lation conditions  by  Townsend,  l'rv  and  Knoch  (1958).  They  fcund  that  the 
el  feet  of  haze,  when  simulated  by  contrast  degradation  of  aerial  imagery, 
was  to  increase  the  search  time  required  to  locate  critical  details  and 
lengthen  the  duration  of  fixations. 

Middleton  (1952)  outlines  four  factors  which  influence  Itow  far  one  con 
see  through  the  atmosphere:  (1)  the  optical  properties  of  tire  atmosphere; 

(2)  the  amount  of  distribution  of  light;  (3)  the  characteristics  of  the 
objects  being  viewed,  and  (A)  the  properties  of  the  eye,  alone  or  aided  by 
instruments.  Any  definition  of  visibility  must  be  related  to  these  factors. 
In  practice,  the  terra  visibility  has  a number  of  meanings. 

3.4.2  Attenuation  of  Light  in  tire  Atmosphere 

bight  traversing  tin*  atmosphere  suffers  looses  due  to  absorption  and 
to  scattering.  This  effect  is  called  "attenuation."  If  the  intensity  of  a 
parallel  beam  decreases  by  a factor  over  a path  length  of  £,  II  is 
called  the  "local  attenuation  coefficient."  In  the  case  of  visibility  of 
dark  objects  against  the  sky,  the  light  source  is  provided  by  the  entire  air 
path  itself.  In  the  case  of  slant  visibility  the  light  source,  is  provided 
by  the  reflected  sun  and  sky  light  of  the  object,  plus  the  all  light  pro- 
duced between  object  and  observer. 

3.4.3  The  Attenuation  Coefficient 


The  attenuation  coefficient  6 is  composed  of  two  factors,  namely  ftH, 
the  air  molecular  scattering  coefficient,  and  ftp  the  large  particle  scatter- 
ing coefficient.  Values  of  ft  are  given  in  Table  3-1  for  speciiic  visual 
ranges.  For  pure  cir  at  sea  level,  which  contoins  no  water  vapor  or  dust, 

6 “ 0.012&  km”^  (0.0234  nmi'^).  6^  decreases  with  altitude  in  the  same  way 

as  the  pressure  decreases  with  altitude.  Since  the  atmosphere  contains 
large  particles  like  nuclei  and  water  droplets,  a higher  value  of  must 
be  used.  Experiments  have  shown  that  a standard  ordinary  clear  atmosphere 
can  be  assumed  (Hulburt’s  Atmosphere)  for  estimation  purposes.  It  i s based 
on  measurements  up  to  38,000  feet.  Attenuation  coefficients  at  various 
visual  ranges  are  given  in  Table  3-XI,  which  assumes  that  pure  air 
(Rayleigh  air)  docs  not  eaist  below  50,000  feet.  In  this  table,  the  values 
of  6 ere  reduced  to  aea  level  pressure.  8p,  the  large  particle  scattering 
coefficient  (Mie  scattering)  is  mostly  due  to  the  presence  of  water  vapor, 
carbon  dioxide,  and  ozone.  Figure  3-13  shows  the  relative  contributions  of 
these  coefficient  constituents , in  a model  clear  standard  atmosphere. 

Figure  3-14  shows  how  the  atmospheric  attenuation  coefficient  varies  with 
visibility  range. 

3.4.4  Slant  vie  jollity 

Slant  visibility  is  the  ability  to  distinguish  details  in  terrain  from 
an  airplane.  Visual  detection  range  can  be  predicted  on  the  basis  of  con- 
trast attenuation  with  range  and  atmospheric  conditions.  The  main  determi- 
nant of  visual  detection  range  is 'the  object  contrast;  the  larger  this 
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TABLE  3-1 


Visual  Hangs  V and  Attenuation  Coefficient  g 


nmi 

km 

mi"* 

1/16 

.10 

62.59 

1/8 

.21 

31.30 

1/A 

.40 

15.65 

1/2 

.80 

7.824 

1 

1.6 

3.912 

1 1/2 

2.4 

2.608 

2 

3.2 

1.956 

3 

4.8 

1. 304 

5 

8.0 

0.7824 

10 

16.1 

0.3912 

20 

32.2 

0.1956 

30 

48.3 

0.1304 

50 

80.5 

0.7824 

100 

160.9 

0.3912 

Source:  Panndorf,  Goldberg  end  Lufkin  (1952) 

TABLE  3-XI 

Standard  Ordinary  Clear  Atmosphere 


Altitude 

i 

Atf.enuar.ion 
Coefficient  (0) 

mi'*1 

Horizontal  Visibility  (V) 

feet 

M 

mi 

km 

0-3000 

0-914.4 

0.22 

18 

28.97 

3000-6000 

914.4* 1828.3 

0.17 

23 

37.01 

6000-10,000 

1820.0-3048.0 

0.09 

38 

61.15 

10,000-50,000 

3048,0-15240.0 

0.035 

111 

178.63 

50,000-100,000 

15240.0-30480.0 

0.0234 

172 

276.80 

Source:  Penndorf,  Goldberg  and  Lufkin  (1952) 


SEA-LEVEL  COEFFICIENT  (krc-*) 


contr.iHi,  tin*  (treater  the  visual  range,  A slant  visual  range  can  be 
defined  only  for  a predetermined  object  contrast.  There  docu  not  exist  a 
general  slant  visual  range  which  applies  to  all  featuies  In  the  terrain. 
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Figure  3-14.  Atmospheric  Attenuation  Coefficient  for 
Vioible  Light  {Extinction  Coefficient)  a3  a Function 
of  Daylight  Visibility  Range  (sometimes  called 
"Visibility"  or  "Meteorological  Range") 

To  determine  an  object's  contrast,  the  characteristics  of  the  light 
coming  from  it  and  its  surroundings  can  be  broken  down  into  component  parts. 


The  light  entering  the  eye  is  composed  of  two  parts,  namely: 


1,  Light  emitted  or  reflected  from  tha  object  (reflected  sun  and 
sky  light)  and  its  immediate  background 
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(The  air  light  is  the  sunlight  and  skylight  scattered  by  mole- 
cules and  large  particles  in  the  direction  of  the  observer.) 


The  first  of  these  (a)  may  be  considered  the  signal  while  the  second 
one  (b)  may  bo  thought  of  03  the  no£oe  in  the  contrast  discrimination 
process.  Most  methods  of  computing  contrast  tranamission  use  the  target's 
inherent  contrast  (at  zero  range)  and  attenuate  it  by  atnosphsric  scatter- 
ing as  a function  of  range,  or  as  a function  of  visibility,  and  light  (sun) 
conditions. 
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Thu  most  Import  mu  lac  torn  wlitdi  do  to  nnlnc  the  target’ll  detail  contrast 
In  terrain  backgrounds  arc: 

1.  Object  contrast  (inhorc'iu) 

2.  Altitude  of  observer 

3.  Variation  of  attenuation  c«»t» f f icient  with  altitude 

4.  Luminance  surrounding  the  object 

5.  Nadir  distance  of  the  object 

6.  Zenith  distance  of  sun 

7.  Azimuth  distance  of  the  object  from  the  vortical  of  Che  sun. 

I 

Tie  firi.t  three  factors  are  alwaya  important;  tho  lost  three  are  very 
important  if  the  visual  horizon  in  relation  to  tho  position  of  the  sun  is 
within  ti.c  visual  field  of  the  ebuorvor.  The  luminance  ourrounding  the 
object  ij  assumed  to  be  constant. 

By  international  agreenr  t the  daylight  visual  range  is  the  distance 
at  which  a large  dark  object  on  th«  horizon  is  Just  recognizable.  Meteoro- 
logical range  is  defined  as  mat  horizontal  distanco  Ry  for  which  the  con- 
trast transmission  of  the  atmosphere  in  daylight  (CR/CQ)  in  two  percent, 
where  C is  the  inherent  contrast  of  an  object  against  the  horizon  sky  and 
CR  is  the  apparent  contrast  at  range  it*  To  predict  target  acquisition 
range,  Middleton  (1952)  ohows  th«*  apparent  contract  CR  reduces  exponentially 
with  range  R according  to  eov,t.  As  shown  by  the  aquations  on  Figure  3-14, 
the  effective  value  of  ov,  the  average  attenuation  coefficient  for  the 
visible  spectrum  (380  < \ < 720  nm)  depends  on  the  visibility  range  Rv. 

ov  - 3.912/Ry 

where  the  units  of  oy  are  determined  by  the  units  of  Ry.  Figure  3-14  is  a 
plot  of  the  above  equation,  and  indicates  approximately  how  Ry  is  affected 
by  different  kinds  of  weather. 

The  surface  reflectance  of  the  object  Is  also  of  great  importance,  i.e., 
the  amount  of  light  directed  into  tho  observer’s  line  of  sight  by  the  tar- 
get’s surface.  Typical  reflectance  values  are  given  In  Table  3— III  for  dif- 
ferent kinds  of  objects.  The  data  «re  valid  across  the  visible  spectrum, 
so  that  targets  and  background  having  equal  reflectance  values  should  have 
no  contrast.  The  attenuation  coafneiont  & is  also  used  to  determine 
whether  the  observed  contrast  is  grantor  than  tho  contrast  threshold  using 
the  equation  C^in  m e“$v  where  v is  tho  visibility  range.  The  threshold 
value  is  generally  accepted  ao  that  point  where  contrast  is  reduced  to  a 
0.02  value.  This  relationship  ia  derived  from  Koschmioder’s  theory. 
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TABLE  3-111* 


Reflectance  of  Terrain  Features  in  the  Visible  Spectrum 


Feature 

Bay 

Bay  and  river 
Inland  waters 
Ocean 

Ocean,  deep 
Forest  (Jungic) 

Forest  (open) 

Ground,  bare 
Ground,  very  whice 
Ground,  acme  trees 
Fields,  dry  plowed 
Fields,  green 
Fields,  green 
Fields,  wheat 
Grass,  dry 
Snow,  white  field 
Clouds,  dense,  opaque 
Clouds ,,  nearly  opaque 
Clouds,  thin 


Reflectance  <%) 

3-4 

6-10 

5-10 

3-7 

3-5 

3- 6 

4- 10 
10-2.0 
11-15 

7-10 

20-25 

10-15 

3-6 

7-10 

15-25 

70-86 

55-78 

44-55 

36-40 


Source:  Penndcrf,  Goldberg  and  Lufkin  (1952) 


* This  table  is  used  to  determine  detail  contrast  as  a function  of  difference 
in  albedo  value.  The  luminance  received  from  two  objects  adjacent  in  the 
field  of  view  is  determined  by: 

Blt  - ti1c“fU  + BA(l-e"B£) 

where;  B^  *»  luminance  of  object 

B » luminance  of  air  light 
A 

£ « slant  range 

After  computing  the  luminances  of  the  target  and  its  background  (B^),  detail 
contrast  can  be  computed  by  using  the  formula: 

ct  ■ VX. 

02£ 

where:  C •»  inherent  contrast  of  the  target  calculated  by  standard  contrast 

0 formula,  C„  ■ B,  - B„ 

' o lo  2o 


Additional  sources  of  reflectance  data  may  be  found  in  Gordon  (Duntley,  1964). 
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J.A.b  Shimmer  or  Scintillation 


TIjc  irregular  refraction  by  the  atmosphara  of  the  light  rays  reflected 
f i om  an  object  or  in  some  coses  from  the  terrain  background  sometimes  mokes 
,i  'u  detection  and  recognition  of  targets  difficult  or  sometimes  impossible. 

V.  ® index  of  infraction  of  the  air  sometimes  varies  rapidly  and  Irregularly 
from  place  to  place,  causing  shimmer  or  visual  scintillation.  This  can  also 
be  caused  by  differences  in  temperature  as  in  the  so-called  heat  waves. 
Middleton  (1952),  Bellalre  and  Ryznor (1961) , Bellaire  and  Elder  (1960), 

Walton  (1962),  and  Erickson  (1965)  all  discuss  the  Importance  of  this 
phenomenon  on  target  acquisition  slant  ranges.  This  is  one  factor  that  has 
been  investigated  in  the  laboratory  and  can  be  the  possible  reason  for  the 
large  disparity  between  predicted  slant  ranges  and  those  found  in  field 
studies.  It  is  sometimes  called  atmospheric  boil,  optical  haze,  and/or 
twinkling.  Middleton  prefers  the  term  optical  haze  in  daytime  and  scintilla- 
tion for  nighttime  effects  but  accepts  the  generic  term  shimmer.  Figure 
3-15  shows  how  the  degree  of  scintillation  affects  Landolt  broken  ring 
resolution. 


tis  CH 


SOURCE:  BEUAIRC  A©  EIDER.  1360 


Figure  3-15.  Degree  of 
Scintillation  versus 
Resolution  Using  Landolt 
Broken-Ring  Chart 


3.6.6  Glare 


If  on  observer  or  the  subject  of  a target  acquisition  study  or  experi- 
ment looks  toward  a light  source,  either  an  iiluminwii.  or  the  sur. , excess 
illumination  directed  into  his  eye  from  the  light  source  often  results  in 
the  uncomfortable  condition  of  glare  or  dazzle,  Holloday  (1926)  did  the 
classic  research  into  the  ways  in  which  glare  affects  visibility.  He  in- 
vestigated how  the  required  contrast  difference  between  object  arid  back- 
ground was  affected  by  one  or  more  "dazzle  oourcec"  at  various  points  in 
the  FOV,  He  observed  that  the  obscuring  effect  of  ouch  a source  could  bo 
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equated  ro  that  of  on  artificially  produced  "vailing."  luminance  aver  the 
field  of  view,  llolladav  found  that  for  the  range  of  luminances  ne  used 
(0.03  to  3,0  candlea/ft*- J 0,0028  - 0,20  candel,at>/ra2) , the  amount  of  veiling 
luminance  varied  directly  ns  the  luminance  produced  at  the  eye  by  the 
"dazzle  source"  and  inversely  no  the  square  of  the  angle  between  the  line 
of  vision  and  the  lina  from  the  eye  to  the  oource  up  to  an  angle  of  16°. 
Middleton  (1952)  calculates  the  Increase  in  the  threshold  increment  of 
luminance  caused  by  the  disturbing  light.  He  makeo  the  point  that  increase 
in  effective  field  luminance  caused  by  the  "dazzle  Bourca"  should  be  taken 
into  account  in  date:  ’ining  its  effect  on  the  contract  difference  Ilmen. 

Stiles  and  Crawford  (1937)  report  the  effect  of  a glaring  light  oource 
on  extrafoveal  vision.  They  verify  Holladay's  rcnults  when  the  normal  com- 
ponent of  the  Illuminance  from  the  disturbing  light  is  used. 

Clare  has  not  been  treated  aa  a distinct  and  separate  variable  in  simu- 
lation studies  or  in  field  teats,  Clare  la  a function  of  sun  angle  (azimuth 
and  elevation)  and  of  atmospheric  scattering  into  the  line  of  sight.  Suit 
angle  is  varied!  or  measured,  but  glare  is  never  independently  calculated  or 
measured,  except  as  a function  of  targat-to-background  contrast  at  the  slant 
range  of  detection  or  recognition.  A related  phenomenon  "flash  blindness" 
is  the  instantaneous  effect  of  high  intensity,  short  duration  light  fleshes 
into  the  eye  of  the  observer,  which  cause  short-tons  inability  to  detect 
targets.  It  has  been  investigated  under  laboratory  conditions  and  ,tas  been 
reporced  under  night  operational  conditions  (nearby  explosions).  However, 
it  has  not  been  investigated  under  conditions  of  air-to-ground  target 
acquisition  and  hence  doea  not  coma  into  the  purview  of  this  source  book, 

3.4.7  Contrast  Attenuation 


Duntley  (1948)  provides  the  rationale  for  determining  the  apparent 
contrast  of  targets  from  the  inherent  contrast,  the  meteorological  range 
and  the  sky-ground  luminance  ratio.  The  mathematical  relationship  for  this 
(Bittner,  1974)  io: 


Ca  “ 7 "7  Tl  /84,900R(l~oxp  <-0.0000461h)) 

1 - SgrJ  1 - exp  f 

x a 

where  Ca  is  the  apparent  targer./backgroimd  contrast;  C0  io  the  inherent 
target/background  contrast,  defined  as  the  absolute  value  of  the  brightnesfi 
difference  of  the  target  and  background  divided  by  the  brightness  of  the 
background;  li  is  the  differential  aircraft  altitude  (in  feet);  rm  is  the 
meteorological  range  (in  feet);  Sgr  is  the  sky-ground  luminance  ratio;  and 
R is  the  Slant  tango  to  the  target  (in  zeut).  The  cOnafcantu  in  cilia  equa- 
tion are  appropriate  for  light  in  the  viaible  rsgion  with  terrain  at  oea 
level.  Other  more  gencrol  formulations  of  atmospheric  transmittance  are 
available  in  Middleton  (1952).  Variants  of  tho  results  that  follow  can 
be  obtained  for  other  fonaulationo.  From  the  earlier  discussion,  it  is 
apparent  that  R and  h can  bo  passively  estimated;  honce,  for  a fixed  C0» 
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only  two  parameters  arc  required  to  estimate  Cfl,  the  apparent  contrast  ol 
the  target:  rm  and  Sj,r.  These  parameters  can  be  estimated  under  two  con- 

ditions:  <1)  when  viewing  a homogeneous  terrain;  and  (2)  when  flying  over 

a non-homogencouH  terrain. 

Homogeneous  terrain  is  characterized  by  a common  variability  over  its 
extent.  A portion  of  such  terrain  can  be  viewed  as  a sample  of  the  terrain 
and  its  contrast  variability.  The  contrast  variability  of  portions  of  the 
terrain  at  different  distances  from  an  observer  are  estimates  of  the  Inherent 
terrain  contrast  variance  subjected  to  atmospheric  attenuation.  Samples  of 
the  contrast  variance  can  be  obtained  at  different  distances- 

Hence,  the  apparent  contrast  of  a target  with  inherent  contrast  C0,  can 
be  estimated  by  inserting  C0  end  the  obtained  estimates  of  h,  rra,  Sgr>  and 
R into  equation  (1).  This  is  valuable  when  an  estimate  of  CQ  is  available, 
a situation  that  often  exists.  Inherent  contrast  values  can  be  calculated 
for  various  target/background  combinations  from  tables  given  in  Schaefer 
et  al. , (1968)  and  Condron  and  Tuolin  (1961) . 

In  a moving  aircraft,  rm  and  Sgr  can  be  estimated  from  repeated  views 
of  the  same  portion  of  the  terrain.  For  example,  on  a roster  line  display, 
the  information  on  a segment  of  a raster  seen  line  will  be  represented  on 
different  lines  as  an  aircraft  moves  with  respect  to  the  area  being  pre- 
sented. Three  values  of  apparent  contrast  (Ca) , corresponding  to  three 
different  ranges  (r) , can  be  obtained  if  the  same  segment  of  the  terrain  is 
represented  as  three  successive  raster  lines.  Of  course,  the  terrain  seg- 
ment will  grow  in  apparent  width  as  it  is  approached,  but  the  variability 
of  the  contrast  will  be  strictly  a function  of  the  distance  to  the  segment, 
given  that  system  response  is  constant  over  the  spatial  frequencies  of  the 
terrain  segment.  Given  this  case,  the  three  arts  of  values  of  Cfl,  r,  and  h 
can  be  inserted  into  equation  (1)  to  fort*  three  aquations  in  three  un'  nows. 
Solving  thio  system,  estimates  of  and  S can  be  obtained  even  thou? 
the  terrain  is  heterogeneous. 

Bittner  thus  has  shown  that  either  from  u const snt  view  of  a homo- 
geneous terrain  or  from  & series  of  views  while  flying  over  a heterogeneous 
terrain,  the  terms  in  equation  (1)  can  be  estimated  and  used  to  estimate  the 
apparent  contrast  of  a known  contrast  target  located  at  any  point  within 
the  field  of  view. 

3.4.8  Atmospheric  Modulation  Trenofcr  Function  (AKTF) 

Tb*  atmospheric  KTF  is  a useful  method  of  summarizing  the  effects  of 
the  atmosphere  on  target  visibility,  Duntley  (1948,  1964)  is  responsible 
lot  mOSt  of  th  s theory  on  target  visibility  measurement  and  prediction.  Ho 
states  (1964)  that  if  it  ia  assumed  that  all  radiance  differences  are  trans- 
mitted by  the  atmosphere  with  tha  same  attonuution  as  that  experienced  by 
each  image- forming  ray,  and  aa  a consequence  of  this  assumption,  no  fine 
details  are  obliterated  by  atmospheric  scattering,  and  if  it  is  assumed 
that  images  of  distant  objects  are  forced  by  photons  which  traverse  the 
intervening  madia  witheut  being  scattered,  the  AKTF  summarizes  these  concepts. 
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Duntlcy  discusses  tlie  work  of  James  L.  Harris  in  deriving  the  MTF  for 
atmospheric  haze.  The  utility  of  the  MTF  concept  is  that  the  AMTF  can  he 
multiplied  witli  other  sources  of  optical  losses  to  obtain  the  overall  MTF 
and  hence  the  efficiency  of  the  optical  system.  A recent  book  by  Cornsweet 
(1970)  discusses  the  utility  of  this  concept  when  conceptualizing  how  visual 
perception  is  affected  by  the  optic  properties  of  the  lenu,  optic  media,  etc. 

Brown,  Collins,  and  Hawkins  (1968)  prenent  a good  discussion  of  the  HTF 
method  of  optical  system  analysis  and  of  the  utility  of  atmospheric  and 
visual  system  MTF  conceptu.  Bittner  (1974)  also  presents  on  exposition  of 
the  MTF  method  applied  to  determining  the  effects  of  atmospheric  KTF  on  tar- 
get visibility. 

The  modulation  transfer  function  (MTF)  is  a measure  of  the  resolution 
of  a component  of  an  Imaging  system.  Usually  applied  to  optics,  camera 
tubes,  video  amplifiers,  displays,  etc.,  this  measure  can  also  be  applied  to 
the  media  of  transmission  (i.$«,  the  atmosphere).  The  MTF  of  an  imaging 
system  component  is  its  sine  wavs  spatial  frequency  amplitude  response,  a 
response  that  varies  from  unity  at  sufficiently  low  spatial  frequencies  to 
zero  as  the  spatial  frequencies  increase  (sea  Figure  3-16  for  a typical 
curve) , The  AMTF  is  the  MTF  for  the  atmospheric  component  of  an  imaging 
system  end  is  dependant  on  a multitude  of  variables  including  path  length 
(R),  wavelength,  atmospheric  density,  ozone  concentration,  water  vapor  con- 
centration, etc.  These  complexities  con  be  ignored  when  the  effective  AMTF 
for  air-to-ground  observation  is  obtained  by  placing  targets  of  different 
spatial  frequencies  at  dif£e.rent  points  on  the  grotsid  and  directly  meusuring 
the  response.  The  procedure  for  measuring  effective  AMTF  is  similar  to  the 
procedure  for  determining  effective  contrast  attenuation  and  suggests  that 
the  AMTP  can  be  obtained  from  a display  representation  in  the  manner  pro- 
posed above  for  determining  contract  attenuation.  This  view  will  sub- 
sequently be  confirmed. 


Figure  3-16.  A Typical  Imaging 
System  Component  Modulation 
Transfer  Function 
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A contrast  attenuation  function  for  an  object  with  a spatial  frequency 
f,  at  the  distance  of  observation  R,  can  be  obtained  from  equation  (1)  by 
respectively  replacing  C0,  Ca,  and  rm  with  CQ(f) , Ca(f),  and 

rm(f)  “ rm  [«*P(-(f/fc>n)]  (2) 

where  CQ(f)  and  Ca(f)  are  relative  to  a frequency  £,  and  both  fc  and  n arc 
constanta.  Equation  (2)  is  based  on  the  observation  that  the  decline  in  the 
meteorological  range  for  spatial  frequency  targets  can  be  empirically 
approximated  by  a function  of  this  form.  Making  these  substitutions , one 
obtains 


w 

w 


/mJqor 
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(1  - exp  (-0.0000461h'1 


.(oxp  - (q/yX 


=)] 


(3) 


where  C0(ft)  is  the  inherent  contrast  of  a target  of  frequency  £^,  Ca(f^) 
is  the  apparent  contrast  of  the  target,  R^  is  the  range  of  observation,  and 
rra  is  Che  meteorological  range  for  a target  of  very  low  (f^  •+  0)  spatial 
frequency. 


Before  considering  applications  of  equation  (3) , note  that  the  in- 
herent spatial  frequency  of  a target  is  renge-dependent.  Indeed,  if  the 
spatial  .frequency  of  a target  at  range  Rji  is  fj,  then  its  spatial  frequency 
at  range  Rj  is  approximated  by: 


(4) 


when  the  ratios  of  frequencies  to  range  are  small,  because  the  angular  sub- 
tense of  an  object  of  width  d at  a distance  R approaches  d/R  radians  os  d/R 
approaches  zero.  This  relationship  implies  that  it  a target  of  frequency 
fjL  at  range  R^^  is  observed  at  a range  of  Rj,  then  approximately 

C0«1>1 " Wj  <5> 


and 


where  C0(£)j  is  the  inherent  contrast  of  an  object  observed  at  range  R<, 
fj  and  fj  are  related  by  equation  (4).  This  relationship  in  equation  (5) 
will  prove  useful  in  estimating  the  parameters  of  equation  (3)  from  samples 


c f.  terrain  viewsd  differ vti t dlotcriccc* 


Suppose  several  observations  of  an  object  (ground  area)  at  severs!  dia- 
tances  or  several  observations  of  a homogeneous  terrain  were  obtained,  A 
spectral  analysis  of  the  apparent  target  images  (c.g.  segments  of  a raster 
line  covering  an  object)  would  yield  the  densities  of  Bpaticl  frequencies 
(Ca(f),  f > 0)  making  up  the  images  or  by  the  decomposition  of  an  image  into 
its  spatial  frequency  components.  This  con  be  accomplished  for  line  r.egments 
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by  methods  that  are.  described  In  Davenport  and  Root  (1958).  By  methods 
described  earlier,  estimates  of  R^  mid  Ii£  cun  be  obtained;  hence,  equation 
(1)  has  only  C0(f^),  rm,  Sgr,  fc,  and  n an  unknowns.  Assuming  that  observa- 
tions are  taken  at  five  ranges  and  recalling  equation  (5),  a system  of  five 
equations  o(  the  form  of  equation  (3)  con  bo  formed.  Estimates  of  rm,  S„r, 

1'  , and  n can  be  obtained  by  solving  this  system.  Inserting  estimates  of 
these  unknowns  into  equation  (3)  and  lotting  T(f)s  “ Ca ( f )S/C0(f )B , an  AMTF 
for  a frequency  f at  a distance  Ka  can  bo  obtained  because 


AMTF(f)  - T<C)s 
T(0) 


(6) 


Hence,  an  empirical  expression  for  the  AMTF  can  be  obtained  from  direct 
observation  of  the  terrain.  This  expression  can  be  used  to  estimate  the 
spectral  signal  for  a target  observed  at  a distance. 

The  above  assumed  the  observation  of  ground  objects,  but  did  not  con- 
sider chat  the  observing  system  has  its  own  KTP.  This  was  intentional  and 
was  motivated  by  the  ease  with  which  the  problem  can  be  handled  when,  as  is 
usually  the  case,  the  observing  system  is  effectively  "linear."  Noting  that 
the  function  for  AMTF  (equation  6)  describes  a linear  system,  and  assuming 
the  MTF  of  the  system  is  also  linear,  the  system  MTF  is  described  by 

MTFjf)  - (MTFE/0(f))  (AMTF(£))  (7) 

where  MrFE/0(f)  and  AMTF(f)  are  the  sensor  and  atmosphere  MTFs,  respectively. 
This  expression  implies 


AMTF(f) 


MTF  (f) 

" “Wo 


(8) 


which  indicates  that,  with  prior  knowledge  of  MTFg/Q,  *ts  effects  can  be 
partialed  out  before  any  calculation  of  AMTF.  Not  adjusting  for  the  effects 
of  MTFE/o  would  be  an  acceptable  alternative  because  the  calculations  of  AMTF 
by  the  methods  described  earlier  would  yield  the  system  MTF  - the  desired 
function  for  practical  calculations.  Clearly,  MTFe/o  presents  no  particular 
difficulties  when  calculating  either  the  atmosphere  or  system  modulation  trans 
fer  functions. 


3.4. 8.1  Simplified  Estimation  of  Atmospheric  Characteristics 

In  the  previous  sections,  the  demonstrations  were  based  on  Duntlcy's 
results;  i.a.,  equation  (1).  Often  this  expression  is  unnecessarily  compli- 
cated as,  for  example,  when  flying  near  the  earth  with  the  sun  at  zenith 
(or  not  present).  In  these  cases,  an  adequate  expression  for  contrast 
attenuation  is 

C « C exp  (-oR)  (9) 

a o r 


* f' 
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where  u is  positively  valued  and  tnveruoly  proportional  to  meteorological 
range  (rm);  Ca  is  the  apparent  contrast ; C()  is  the  inherent  contrast;  and 
R is  the  path  length*  Using  equation  (9)  would  oiwplify  the  determination 
of  contrast  attenuation  by  simplifying  the  form  and  number  of  unknowns, 
mis  simplification  would  carry  over  to  the  problem  of  determining  AMTF. 
Following  the  derivation  of  equation  (3),  w«  ituhotitute  Ca(f),  C0(f),  and 
)n  for  Ca,  C0,  and  rm  in  equation  (3).  Thin  results  in  on 
the  form 


c U)  r ■» 

C Yf7  * exp  |^-o exp  ((f/fc)nR)J  C10) 


where  o,  fc,  and  n are  unknowns.  Equation  00)  can  be  used  in  the  manner  of 
equation  (3)  to  obtain  either  tut  estimate  of  AMTF  or  the  system  MTF;  i.e., 
MTFa . Its  advantage  over  equation  (3)  is  that  it  has  fewer  unknowns  and  a 
simpler  structure. 


rw  exp  (-f/f? 
expression  of 


3,4.9  Sources  of  Illumination  Level  and  fipoctrol  Characteristic  Data 


KCA's  Electro-optics  Handbook  (1968)  contains  invaluable  information 
on  the  amount  and  spectral  characteristic!)  of  natural  sources  of  target  and 
scene  illumination.  Valley's  Handbook  of  (ioophysico  and  Space  Environments 
(19b5)  is  another  source  of  gcophyuical  data.  In  the  case  of  infrared  radia- 
tion. Wolf's  Handbook  of  Military  Infrared  Technology  (1965)  should  be  con- 
sulted for  data  and  methodology. 


Figures  3-17  and  3-18  together  provide  a summary  of  the  scenic  ambient 
light  levels.  Curves  to  indicate  illuminance  under  cloudy  moonlight  may  be 
drawn  by  displacing  downward  the  given  moonlight  curves  by  the  same  amounts 
as  for  cloudy  sun  curves  (cotnparod  to  tho  unobscured  sun). 

3. 4.9.1  The  Sky 


On  a cleav  day,  about  one-fifth  of  tho  total  Illuminance  E at  the 
earth’s  surface  is  from  the  oky,  that  is,  from  ounllght  scattered  by  the 
earth's  atmosphere.  Illuminance  io  ,o  luminous  flux  incident  in  a surface; 
its  unit  is  the  footcandle  (fc)  and  it  la  aqua!  to  tho  illumination  falling 
on  a surface  1 foot  from  a 1 cundlepower  aourco.  A meter  candle  (me),  or 
lux  equals  the  illumination  falling  op.  & purfacc  1 meter  from  a 1 candle- 
power  source;  it  also  ia  called  lumen  per  oquaro  meter.  Table  3-IV  lists 
aoma  approximate  levela  of  ocono  illuminance  from  the  day  and  night  sky 
under  various  conditions. 
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Kt  avwKWtfHn 


Figure  3-17,  Illuminance  Levels  on  the  Surface  of  the 
Earth  Duo  to  the  Sun,  the  Moon,  and  Sky 


IOVWI  ’MW  tOwtJ  JUN»1(« 

tUJUW  UOM'O*  IMt  Of  0» 

NAUfiCM  *lMt  OVJl  wHlt 

fWUOHt  llOHf*  twaiOKT 

Figure  *-18.  Rango  of  Natural  Illuminance  Levels 
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rAHI.K  I- tv 


Njim.tl  Scviu'  lUuifitinimi* 


*2 

ltn/m  or  muter  eunUlew 

Direct  sunlight 

1-1.1  x 10i 

Full  daylight* 

1-2  x lO4 

Overcoat  day 

10 1 

Very  dark  day 

102 

Twilight 

10 

Deep  twilight 

1 

-I 

Full  noon 

10  1 

. -2 

Quarter  noon 

10 

-3 

Starlight 

10  1 

Overcast  starlight 

10'* 

*Not  direct  sunlight 

Table  1-V  gives  approximate  values  of  the  luminance  (B)  of  the  sky  near 
the  horizon  and  tinder  a variety  of  conditions.  Luminance  is  the  brightness 
of  an  illuminated  surface.  Its  unit  is  typically  candles  per  square  foot 
(cd/ft^)  or  candles  per  square  meter  (cd/ra^).  The  word  candle  was  officially 
changed  to  candela  by  the  U.S.  Congress  in  1964. 

In  determining  the  sky's  brightness,  the  relationship: 

8E 

n B 

is  used.  This  equation  means  that  the  incremental  change  in  illuminance 
at  the  observer,  En  (light  flux  per  square  meter  of  surface  normal  to  the 
line-of-aight)  per  increment  of  fj  (solid  angle  of  sky)  is  equal  to  the  sky 
luminance  3. 


TABLE  J-V 


Approximate  Values  of  the  Luainancc 
of  the  Sky  hear  the  Horizon  Under 
Variouu  Condltlonoj  Source,  RCA  1968 


cd/ta“ 

Clear  day* 

104 

Overcast  day 

103 

Heavily  overcast  day 

102 

Sunsot , overcast  day 

10 

1/6  hour  after  auncot,  clear 

1 

1/2  hour  after  ounvot,  clear 

10_1 

Fairly  bright  txoonllght 

10-2 

-Moonless,  clear  night  »ky 

10"3 

Moonlcns,  overcast  night  sky 

10'4 
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3.4.10  Atmospheric  Transmittance 

If  a source  emits  radiation  with  intensity  J,  the  irradionce  II  at  simo 
distance  R from  the  source  is  calculated  according  to  the  inverse  square 
rule  to  be  J/r2  if  the  path  is  through  a vacuum.  However,  if  the  path  is 
through  a gaseous  atmosphere,  somo  of  the  radiation  is  scattered  and  6ome 
is  absorbed  so  that 


tl  » T 


*R2 


where  Ta  is  a factor  less  than  unity  that  denotes  the  transmittance  of  the 
atmosphere  over  the  designated  path. 


Atmospheric  transmittance  Ta  is  a function  of  many  variables:  wave- 
length, path  length,  atmospheric  gaBes,  pressure,  temperature,  amounts  of 
rain,  fog,  snow,  dust,  aerosols,  bacteria,  and  the  sizes  of  their  particles. 


3.4.10.1  Entire  Atmosphere 

Figure  3-19  shows  the  spectral  transmittance  (in  percent)  through  the 
entire  atmosphere  (from  sea-level  to  outer  space)  along  paths  inclined  to 
the  zenith  by  0,  60,  and  70.5  degrees.  These  inclinations  provide  path 
lengths  within  the  atmosphere  that  traverse  air  masses  of  ratio  1,2,  and 
3 respectively.  These  curves  indicate  the  net  loss  from  all  scattering  and 
absorption  mechanisms  in  a fairly  clear  atmosphere.  Besides  scattering  by 
air  molecules  (Rayleigh  scattering)  there  is  scattering  by  the  larger  aero- 
sol particles  (Hie  scattering).  Various  spectral  regions  of  absorption  are 
indicated  on  Figure  3-19.  The  most  important  are  due  to  water  vapor  (H2O) , 
carbon  dioxide  (CO2) , and  ozone  (O3) . For  most  applications  the  absorption 
by  the  other  constituents  is  negligible. 


3.4,10.2  Horizontal-Path  Transmittance 


The  transmittance  of  the  atmosphere  over  a path  of  length  R may  be  ex- 
pressed by 


T«  ■ <Vco  ‘ 


-a  R 


where  a is  called  the  "attenuation  coefficient"  (sometimes  "extinction"). 

The  coefficient  is  a function  of  many  variables  including  path  length  R and 
wavelength  X,  Usually,  0 is  not  independent  of  path  length  unless  (1)  the 
transmission  path  is  horizontal  through  atmosphere  of  uniform  composition 
and  (zj  iu£  radiation  f rc»]v»Gr*  cy  bend  is  extremely  narrow  as  in  the  case  of 
laser  transmissions,  Somotimea  the  attenuation  coefficient  for  each  of 
several  atmospheric  constituents  can  be  calculated  separately  and  summed  to 
obtain  the  total  effect  on  transmittance.  In  the  spectral  region  200  < X < 
400  nm.  Figure  3-13  shows  the  soa-lcvel  attenuation  coefficient  for  a hori- 
zontal path  in  a model  clear  standard  atmosphere  (eea-level  visibility  ap- 
proximately 23.5  km).  Xt  is  the  sum  of  the  ozone  absorption  coefficient, 
the  Rayleigh  scattering  coefficient,  and  the  aerosol  scattering  coefficient. 
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Other  absorbers,  water  vapor,  carbon  dioxide,  etc.,  are  not  included 
in  this  model,  These  absorption  effects  are  highly  dependent  upon  wave- 
length and  absorber  concentrations.  They  may  be  determined  by  methods  such 
as  the  one  given  in  Valley  (1965).  They  are,  however,  generally  negligible 
for  narrow  band  radiation  at  the  specific  wavelengths  plotted  (though  not 
necessarily  negligible  at  intermediate  wavelengths). 

Scattering  by  water  droplets  (rain,  fog,  and  snow)  is  treated  by  Gil- 
bertson (1966). 

3. A. 10, 3 Calculation  of  Atmospheric  Transmittance 

The  following  io  a simplified  method  for  calculating  the  transmittance 
of  the  atmosphere  over  various  path  lengths  at  various  altitudes  of  both 
horizontal  paths  and  slanted  paths. 


The  simplified  calculation  procedure  uses  the  three  Figures  3-20,  3-21, 
and  3-22.  Figure  3-20  gives  the  attenuation  coefficient  at  sea-level,  gives 
the  desired  wavelength  and  shows  the  conditions  of  the  atmosphere,  the  latter 
being  identified  cither  by  the  visibility  range  or  by  the  general  descriptive 
phrases  on  the  figure.  It  will  be  noted  that  Figure  3-21  follows  directly 
from  the  "total,  sea-level"  curve  in  Figure  3-13  (which  applies  to  the  stan- 
dard clear  atmosphere  with  a visibility  of  23,5  Um)  and  an  extrapolation  to 
different  atmospheric  conditions  as  given  in  Figure  3-14. 


Figure  3-20,  Approximate  Variation  of  Attenua- 
tion Coefficient  with  Wave length  at  Sea-Level 
for  Various  Atmospheric  Conditions  (neglects 
Absorption  by  Water  Vapor  and  Carbon  Dioxide) . 
Source  i F.CA,  1968 
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Figure  3-21  provides  a correction  factor  for  o ns  a function  of  altitude 
for  either  of  two  cases.  The  lower  curve  gives  the  correction  factor  for 
horizontal  paths  at  the  specified  altitudes  and  the  upper  curve  gives  the 
correction  factor  which  applies  to  a slant  path  from  Gea-level  to  the  spec- 
ified altitude.  The  horizontal  path  curve  is  obtained  from  the  standard 
clear  atmosphere  model  of  Table  7-4,  In  Valley  (1965),  assuming  that  non- 
clcar  atmospheres  have  similar  profiles.  The  slant  path  curve  is  obtained 
by  Integrating  an  exponential  approximation  of  the  standard  atmosphere  over 
the  appropriate  paths,  so  is  presumably  less  accurate  than  the  horizontal 
path  curve. 


Figure  3-21.  Approximate  Ratio  of  Attenuation 
Coefficient  to  Sea-Level  Value  for  Slant  Paths 
and  Horizontal  Paths  (Neglects  Absorption  by 
Wflf $r  Vtipor  Anr|  Carbon  Dioxids} 


Figure  3-22  providea  a simple  way  to  U3e  the  preceding  data  in  obtaining 
the  atmospheric  transmittance  ?a,  where  the  abscissa  is  the  product  of  the 
path  length,  the  oea-lcvsl  value  of  0 (from  Figure  3-20),  and  the  altitude 
correction  factor  (from  Figure  3-21). 


Figure  3-22.  Atmospheric  Transmittance,  as  an 
Exponential  Function  of  Path  Length  Times 
Attenuation  Coefficient 


A more  exact  calculation  j£  aianc  put!,  transmittance  through  the  atmes* 
phere  can  be  obtained  by  using  the  data  in  Table  3-16  of  Valley  (1965)  for  a 
model  of  a standard,  clear  atmosphere;  values  of  the  "extinction  optical 
thickness”  from  that  table  have  been  used  to  calculate  the  atmospheric  trans- 
mittance from  a point  at  oca-level  to  points  at  various  altitudes  and  hori- 
zontal ranges  from  that  point. 
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j . 4 , 11  1)1  ruct  lon.il  Luminous  Reflectance 

Reflectance  la  t he  Intensity  of  light  rcradiated  from  a surface.  Cordon 
(l)untlcy,  ct  al.»  1964)  provides  tables  of  directional  luminouo  reflectances 
for  terrain  at  various  azimuths  of  the  path  of  sight,  relative  to  the  sun, 
reflectances  of  objects  also  at  various  sun/zenith  and  sun/LOS  angles.  The 
data  in  these  tables  may  be  used  to  compute  target/bcckground  contrasts  (in- 
herent) which  can  be  decreased  by  the  use  of  atmospheric  transmission  coef- 
ficients for  determining  the  visibility  ranges  of  targets  relative  to  thres- 
hold contrast  requirements. 

3.4.12  Practical  Detection  Probabi?*' -y  Prediction  (Field  Effects) 


Taylor  (Duntley  ct  al.,  1964)  pt  wide s a table  of  threshold  contrast 
as  a function  of  the  target  oize,  which  is  reproduced  as  Table  3-VI.  When 
using  tables  such  a#  this  one,  or  curves  containing  similar  data,  to  deter- 
mine viaibility  of  the  target,  field  factors  (Figures  3-23,  ^-24,  £-25)  are 
used  which  bring  these  contrast  requirements  out  of  the  laboratory  and  into 
the  real  world  of  practicality.  Taylor  also  presents  a table,  reproduced 
below  as  Table  3-VII,  which  indicate*)  the  field  factors  which  should  be  used 
to  account  for  location  relative  to  the  v\,v^h1  field,  knowledge  of  the  time 
of  targoc  occurrence,  target  size,  and  kno'.cdgc  of  the  duration  of  Che 
target  in  the  field  of  view.  These  field  factors  also  adjust  from  a C.50 
probability  (threshold)  to  a 0.95  probability  or  certainty  (acquisition) 
that  the  target  io  seen.  These  conversion  factors  are  required  if  the  lab- 
oratory threshold  requirements  are  to  be  maximally  u3cful  and  correct  in 
calculating  visibility  functions. 

If  a design  engineer  wishes  to  use  laboratory  data  such  as  Figure  3-26 
for  finding  a realistic  estimate  of  observer  performance  under  field  condi- 
tions, he  makes  adjustments  as  shown  in  the  following  example. 

Assume  that  an  observer  must  confidently  detect  the  occurrence  of  a 
stimulus  of  known  duration  and  size  but  of  unknown  L' cation  within  a circu- 
lar display  area  with  a diameter  of  8 degrees  visual  angle.  The  target  will 
be  present  at  infrequent  intervals,  say  once  every  15  minutes  or  so,  and  he 
can  be  allowed  to  ml  os  only  5 percent  of  the  occurrences.  The  observer  is 
new  to  the  task,  and  the  task  is  to  arrange  the  contrast  of  the  target  so 
that  this  95  percent  criterion  will  be  mat.  Laboratory  data  show  that  for 
the  specified  target  size  and  duration  and  for  the  prevailing  adapting  lumi- 
nance, the  required  contrast  for  50  percent  correct  discrimination  by  prac- 
tical observers  in  a forced-choice  experiment  was  found  to  be  0.0061  (Figure 
3-26).  To  correct,  respectively,  for  confidence  level  (Table  3-VIII),  unknown 
location,  vigilance  (see  paragraph  3.4.12.1),  and  lack  of  training  (para- 
graph 3.4,12.1),  multiply  the  basic  contract  threshold  value  by  1.64,  1.31, 

1, 19,  and  2.00,  i.e.,  by  5.12,  The  needed  target  contrast,  therefore  is 
0.031  in  this  problem.  Note  that  this  estimate  brings  the  probability  into 
the  operational  range,  i.e,,  f.he  0.95  confidence  level,  from  a basis  in 
forced  choice  experimental  threshold  data.  An  additional  correction  factor 
of  1.2  is  sometimes  added  to  the  total  factor  as  a multiplier  of  Che  basic 
threshold  contrast  to  approximate  ordinary  seeing.  To  use  laboratory  thres- 
hold data  from  "yus-no"  experiments,  a rough  rule  of  thumb  is  sometimes  to 
double  the  liminal  contrast  value  rather  than  itemize  each  correction  factor 
separately. 
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TABLE  3- VII 

Contract  Correction  Factors  to  be  Applied  when  I 
Deprived  of  Knowledge  of  Various  Target  Pro) 


Target  Properties 


Location 
+ 4 degrees 
or  more 

Time  of 
Occurrence 

Sire 
(3  used) 

Duration 
(3  used) 

+ 

+ 

+ 

+ 

+ 

- 

-f 

+ 

- 

+ 

- 

+ 

- 

- 

+ 

+ 

- 

- 

- 

- 

+ 



<■ 

*+,  knowledge;  — , lack  of  knowlcdgo.  Adapted  fri 
(1958,  1959). 


figure  3-24.  Threshold  Contrast  as  a Function 
Position  and  Target  Sizo  for  Binocular  Photopl 
An  adaptation  level  of  75  ft-L  (257  cd/m2)  and 
duration  of  0.33  seconds  were  usod.  The  numbs 
ii?  the  angular  diameter  of  the  uniform  circuli 
Each  data  point  is  based  upon  2400  observs 
(4  observes) . 
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TAbLE  3- VI 
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* Applied  when  Observer  id 
lou*  <»ec  Properties* 


• 

Correction 

Factor 

e 

cd) 

Duration 
(3  used) 

+ 

1.0 

+ 

1.40 

- 

1.60 

+ 

1.50 

- 

1.45 

4- 

1.31 

pe.  Adeptod  from  Blackwell 


ts  a Function  of  Retinal 
icular  Photopic  Vision. 
:57  cd/m2)  and  a target 
id.  The  number  of  each 
tlform  circular  stimuli . 
i 2400  observations 


Values  of  Threshold  Contratt  a*  Function  of  Tergct  Diameter 
for  bticulus  Duration  of  0.)}  »«c* 


Target 
DUseter 
(nln  of  *n) 

Threshold 

Contrast 

Target 
Diameter 
(nln  ol  arc) 

Threshold 

Contraot 

Target 
Dian*t»r 
(sin  of  arc) 

threshold 

Contrast 

120.0 

0.00763 

2.75 

0.0396 

1.08 

0.700 

82.5 

0.00785 

2.70 

0,0404 

1.06 

0.707 

02.5 

0.00810 

2.61 

0.0422 

1.04 

0.213 

51.0 

0,00835 

2.55 

0.0436 

1.03 

0.720 

43.5 

0.00860 

2.49 

0.0450 

1.02 

0.226 

37.0 

0.00890 

2.43 

0.0464 

1.00 

0.233 

32.5 

0.00915 

2.39 

0.0473 

0.990 

0,240 

29.5 

0.00940 

2.33 

0.0492 

0.975 

0.248 

23.5 

0.0100 

2.29 

0.0504 

0.960 

0.256 

21.5 

0.0103 

2.24 

0,0522 

0.945 

0,264 

19.0 

0.0107 

2.19 

0.0541 

0.930 

0.272 

17.5 

0.0110 

2.15 

0.0558 

0.920 

0.78C 

16.5 

0.0113 

2.11 

0.0573 

0.905 

0.286 

15.0 

0.0117 

2.06 

0.0592 

0.890 

0.297 

14.2 

0.0120 

2.03 

0.0510 

0.080 

0.306 

13.2 

0.0124 

1.99 

0.0630 

0.865 

0.316 

12.5 

0.0127 

1.95 

0.0650 

0.855 

0.326 

11.5 

0.0132 

1.92 

0.0670 

0.840 

0.337 

10.6 

0.0136 

1 .SB 

0.0690 

0.830 

O.J47 

10.2 

0,0140 

1.85 

0.0710 

0.815 

0.358 

9.70 

0.0144 

1.82 

0.0735 

0,805 

0.369 

9.10 

0.0149 

1.78 

0,0760 

0.790 

0.380 

8.70 

0.0153 

1,75 

0,0780 

0.780 

0.392 

8.20 

0.0158 

1.73 

0.0B00 

0.765 

0.405 

7.80 

0.0163 

1.70 

0.0830 

0.759 

0,415 

7.40 

0.0168 

1,67 

0.0855 

0.745 

0.423 

7.00 

0.0174 

1.64 

0.0883 

0.735 

0.442 

6.75 

0.0179 

1.6i 

0.0910 

0.725 

0,455 

6.45 

0.0184 

1.58 

0,0940 

0.713 

0.470 

6.10 

0,0191 

1.56 

0.0965 

0.701 

0.485 

5.90 

0.0156 

1.53 

0.100 

0,692 

. 0.500 

5.65 

0,0202 

1.51 

0,102 

0.682 

0.515 

5.40 

0.0208 

1.48 

0.106 

0.671 

0.530 

5.15 

0.0216 

1.46 

0.103 

0.660 

0.350 

5,00 

0.0222 

1,44 

0.112 

0.651 

0.565 

4,80 

0,0229 

1.42 

0.116 

0.642 

0.583 

4.60 

0.0235 

1.39 

0,119 

0.633 

0.600 

4.45 

0.0243 

1.38 

0.122 

0.622 

0.620 

4.30 

0.0251 

1.35 

0,127 

0.615 

0,635 

4.15 

0.0258 

1.33 

0.131 

0.604 

0.660 

4.00 

0.0267 

1.32 

0.134 

0,596 

0.680 

3.90 

0.0275 

1.29 

0.138 

0.588 

0,700 

3.75 

0.0283 

1.27 

0.143 

0,579 

0.720 

3.65 

0.0292 

1.25 

0.148 

0.569 

0.745 

3.50 

6.0301 

1,23 

0.152 

0,560 

0.770 

3.41 

0,0311 

1.21 

0.157 

0.552 

0.795 

3.32 

0.0320 

1.19 

0.;62 

V.  J't  J 

n Mr 

V«UA  a 

3.22 

0.0331 

1.18 

0.166 

0,537 

0.840 

3.15 

0.0341 

1.16 

0.172 

0.528 

0.670 

3.07 

0.0352 

1.14 

.0.176 

0,519 

0,900 

3. 00 

0.0362 

1.12 

0.183 

0.512 

0.975 

2.90 

0.0373 

1.11 

0,189 

0,505 

0,950 

2.82 

0.0384 

1.09 

0.195 

0,497 

0.985 

Souresi  Taylor(Duntlcy  et  ai.,  1904). 


*8inoculer  viewing,  fovea!  fixation,  and  forced-choice  trsporal  method. 
Values  ar*  average*  froa  largn-ecele  plots  of  four  oboervers,  and  hence 
rspreecnt  smoothed  dot*. 
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TARGET  V.^AL  ANGIE  (MINUTES) 


Figure  3-25.  Re determination  of  the  Target 
■ Sizo  and  Threshold  Contrast  Dependency 
Made  Under  Controlled  Conditions  of  Central 
Foveal  Fixation  and  an  Invariant  Target 
Duration  of  0.33  Sec.  Background  luminance 
constant  at  75  ft-I.  (257  cd/t«2) , The 
forced  choice  temporal  psychophysical 
roothod  was  used,  and  the  data  represent 
averages  from  five  observers  who  made  a 
total  of  45,000  observations,  using  eigh- 
teen target  r.isies  (see  Table  3-VI). 


j 


t 


Figure  3-26.  Contrast  Transmit- 
tance Nomogram 
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3.4.12.1  The  Effects  of  Training  on  the  Contrast  Threshold 


A study  by  Taylor  (1964)  indicated  the  character  of  the  pruetJee  ef- 
fects found  in  a simple  laboratory  detection  experiment,  and  showed  that  a 
corro.ction  factor  of  1.90  in  contrast  will  compensate  for  the  difference 
between  trained  and  naive  observers.  This  value  is  in  excellent  agreement 
with  the  factor  reported  by  Blackwell  (1959)  of  2.00  for  a different  data 
collection  method. 

The  correction  factor  needed  for  vigilance  is  task-dependent { Jerison 
and  Pickett  (1963)  should  be  consulted.  Taylor  recommends  a contrast  cor- 
rection factor  of  1.19  for  vigilance  use  generally,  as  does  Blackwell  (1958). 

Additional  contributions  to  the  field  factor  may  occasionally  occur. 
These  tend  to  be  even  more  highly  individual,  and  generally  derive  from  spe- 
cial environmental  conditions  and  observer  states,  e.g.,  oxygen  deprivation, 
dietary  factors,  acceleration,  vibration,  fatigue,  distraction,  toxic  atmos- 
pheres, glare,  anxiety,  sensory  deprivation,  abnormal  thermal  levels,  and  a 
host  of  others.  Only  fragmentary  data  can  be  adduced  in  most  cases,  and  it 
is  commonly  found  necessary  to  assess  these  effects  by  means  of  specific 
experiments. 

3.4,13  Contrast  Transmittance 


Boileau  (Duntley  et  al. , 1964)  provides  tables,  equations,  graphs  and 
a nomogram  for  determining  the  relative  visibility  of  objects  at  different 
altitudes  and  at  different  sun  azimuths.  He  uses  the  equivalent  attenuation 
length  method  of  Elterman  (1963)  to  account  for  the  atmospheric  attenuation 
variation  with  altitude  along  inclined  paths  of  sight.  Duntley  (1946,  1948) 
handles  this  problem  by  means  of  his  optical  slant  range  concept,  Duntley, 
Boileau  and  Preisdcndorfer  (1957)  prefer  the  summation  of  attenuation  length 
profile  method,  Boileau  first  computes  the  beam  transmittance  by  means  of 
the  equation: 

T ■ exp  j^Z/L(z)  J sec 

This  determines  beam  transmittance  between  sea-level  and  altitude.  l,(z), 
the  equivalent  attenuation  length  is  obtained  by  measured  data  summarized 
in  Table  3-IX.  Using  tables  included  in  that  article,  he  then  determines 
the  sky  luminances  for  Inclined  paths  of  sight  ranging  from  the  vertical 
(zenith  angle  0 degree)  to  horizontal  (zenith  angle  90  degrees)  with  re- 
spect to  the  sun  of  0,  45,  90,  135,  and  180  degrees  azimuth  angles.  Using 
Duntloy'o  equation  for  apparent  luminance  of  an  object,  seen  through  the 

CbC)UO(/ttU4V  • 
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B T + B* 
o r 


B*  « path  luminance 

t 

which  eays  that  path  luminance  is  equal  to  the  difference  between  the  appa- 
rent luminance  and  the  product  of  the  inherent  luminance  and  tho  beam  trans- 
mittance, ho  then  states  that  the’ path  luminance  for  a path  of  sight  be- 
tv/eon  two  altitudes  is  the  difference  between  the  path  luminance  at  the 
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observer's  altitude  (obtained  from  the  appropriate  table)  and  the  product 
of  the  path  of  sight  beam  transmittance  and  the  path  luminance  at  the  object 
altitude. 


TABLE  3- IX 

Measured  and  Equivalent  Attenuation  Lengths,  and  Ratios  of 
Altitude  to  Equivalent  Attenuation  Length 


Altitude,  2 

Measured  L(z)a 

Equivalent  L(z)1* 

(ft) 

(km) 

(nml) 

(km) 

(nml) 

'km) 

z/L(z) 

0 

0 

4.60 

8.52 

4.60 

8.52 

0.000 

1000 

0.305 

1.50 

2.78 

2,65 

4.91 

0,062 

2000 

0.610 

0.40 

0.74 

1.75 

3.24 

0.188 

3000 

0.914 

3.10 

5.74 

1.71 

3.17 

0.289 

4000 

1.219 

7.00 

12.97 

1.96 

3.63 

0.356 

5000 

1.524 

22.0 

40.77 

2,3? 

4,30 

0,354 

6000 

1.829 

28.5 

52.82 

2.74 

5.00 

C.361 

7000 

2.134 

31.0 

57.45 

3.15 

5.84 

0.365 

8000 

2.438 

34.0 

63.01 

3.55 

6.58 

0.371 

9000 

2.743 

17.5 

32.43 

3.92 

7.26 

0.378 

10000 

3.048 

19.5 

36.14 

4.25 

7.88 

0.387 

11000 

3.353 

21.5 

39.84 

4.58 

8.49 

0.395 

12000 

3.658 

22.5 

41.70 

4.90 

9.08 

0.403 

13000 

3.962 

26.5 

49.il 

5.22 

9.67 

O.410 

14000 

4.267 

31.5 

58.38 

5.54 

10.27 

0.416 

15000 

4.572 

30.0 

55.60 

5.06 

10.86 

0.421 

16000 

4.877 

34.5 

63.93 

6,18 

11.45 

0.426 

17000 

5.182 

34.0 

63.01 

6.48 

12.01 

0.431 

18000 

5.486 

38.0 

70.42 

6.80 

12.60 

0.436 

19000 

5.791 

39.0 

72.27 

7.10 

13.16 

0.440 

20000 

6.096 

35.0 

64.86 

7.40 

13.71 

0.445 

25000 

7.620 

44.9 

83.21 

8.85 

16.40 

0.465 

30000 

9.144 

53.8 

99.70 

10.3 

19.09 

0.481 

35000 

10.668 

64.9 

120.27 

11.6 

21.50 

0.495 

40000 

12.192 

81.7 

151.41 

13.0 

<4,09 

0.507 

45000 

13.716 

104 

192.73 

14.4 

26.69 

0,515 

50000 

15.240 

132 

244.63 

15.8 

29.28 

0.522 

55000 

16.764 

168 

311.34 

17,1 

31.69 

0.528 

60000 

18.288 

214 

396.58 

18.5 

34.28 

0.533 

100000 

30*46 

262 

485.54 

29.9 

55.41 

0,550 

200000 

60.96 

274 

507.77 

59.3 

109.89 

0.551 

C6 

to 

06 

69 

— * 



0.551c 

*Attenuation  length  L(r)  was  recorded  continuously  a»  a function  of  alti- 
tude from  6,096  k»  to  0.305  kn  during  descent  of  airplane  at  305  m per 
nln,  with  the  toro  altitude  value  recorded  simultaneously  in  en  Instru- 
mented van  beneath  tha  flight  pattern.  Attenuation  lengthn  above  u.096  km 
are  extrapolated,  using  density  ratios  calculated  from  Minrner  et.  ai., 
(1959). 

bTha  quantity  1/L(0  la  equal  to  Eltermnn'*  mean  attenuation  coeificiont 
K*(h),  and  the  two  quantities  z/L (z)  and  KaOO'hl  may  be  used  intar- 
changtably,  See  Elterman  (1966). 

cTh»  value  of  z/L(z)  where  a » » was  calculated  from  the  sea  level  to 
apace  transalttar.ee  obtained  from  measured  and  extrapolated  attenuation 
length  data. 

Source?  Boiloeu  (Duntloy  et  el.,  1964). 
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Oiu'i*  tlu;  beam  t ransmi ttunce  ;»ml  ttie  path  luminance  have  been  found  for 
the  assumed  pa t h of  sight,  the  apparent  luminance  Br  of  an  object  having  an 
Inherent  luminance  of  B0  curt  be  readily  predicted  by  the  above  equation. 

To  detect  targets  against  a ground  cover  background,  Boiloau  shows  how  the 
directional  luminance  reflectances  given  In  Gordon  (Duntley,  et  al.,  1964) 
can  he  used  together  with  the  sky  luminance  he  gives.  The  directional  lumi- 
nous reflectance  of  objects  also  given  in  Gordon  can  be  used  when  man-made 
objects  must  be  detected  against  terrain  backgrounds.  The  ratio  of  the 
apparent  contrast  to  the  inherent  contrast  is  called  the  contrast  transmit- 
tance. It  may  be  calculated  from  the  beam  transmittance,  the  inherent  and 
apparent  background  .luminance.  Figure  3-26  constructed  by  Jacqueline  I. 

Cordon  can  be  used  to  quickly  determine  (a)  the  beam  transmittance  for  a 
horizontal  path  of  sight  from  the  attenuation  length  and  range  and  (l>)  the 
ratio  of  path  luminance  to  beam  transmittance  from  the  two  or  (c)  the  con- 
trast transmittance  from  this  ratio  and  the  inherent  background  luminance. 

It  solves  Che  following  equation: 

C /C  » (1  + B*/T_  B,  r1 
r o R K 

The  contrast  transmittance  applios  to  any  object  which  may  appear  against 
the  prevailing  background  and  has  therefore  been  specified  as  universal 
contrast  transmittance  since  it  dees  not  involve  any  photometri-  property  of 
the  object. 


3.5  Summary 


Chapter  3 has  summarized  the  effects  of  scene  and  flight  geometry,  tar- 
get and  background  features  and  characteristics,  and  the  effect  of  atmos- 
pheric conditions  on  target  acquisition.  All  of  these  factors  are  shown  to 
be  important  in  determining  the  rangcG  at  which  targets  can  be  detected,  rec- 
ognized and  acquired.  Chapter  4 will  discuss  the  effects  of  the  display 
parameters  and  design  on  target  acquisition. 
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CHAPTER  FOUR 


IMAGING  SYSTEM  CHARACTERISTICS 


4.1  Introduction 

One  increasingly  important  aspect  in  the  ofcudy  of  air-to-ground  target 
acquisition  io  the  role  of  imaging  systems,  such  a a low- light- level  television, 
forward-looking  infrared  scanners,  high-rceolution  radar  systems,  laser  line 
scanners  and  others.  In  any  such  system  where  information  about  the  world  is 
displayed  to  the  observer,  it  is  desired  tliat  whatever  information  the  system 
is  capable  of  receiving  will  be  presented  to  the  observer  in  an  optimal  fashion. 
Much  of  the  research  concerned  with  this  problem  has  been  devoted  to  studying 
relationships  and  tradeoffs  among  various  parameters,  with  the  goal  of  max- 
imizing the  observer's  chances  of  acquiring  the  target.  The  purpose  of  this 
chapter  io  to  discuss  a wide  variety  of  imaging  system  parameters  tliat  have 
been  investigated  in  the  context  of  air-to-ground  target  acquisition,  and  are 
considered  to  be  of  some  importance  in  affecting  the  detection,  recognition, 
or  identification  of  targets. 

The  primary  goal  of  this  chapter  is  to  present  information  that  will 
be  useful  to  system  engineers.  In  order  to  meet  this  objective  the  review  of 
experiments  is  selective.  No  attempt  is  made  to  review  all  studies  dealing 
with  a particular  topic,  for  such  r.n  approach  would  be  unnecessarily  redundant 
in  soma  cases , and  chaotic  in  others.  The  dilemma  that  arises  from  attempts 
to  be  selective  io  that  the  result  io  often  simplistic t with  conclusions  being 
stated  with  far  more  authority  than  they  deserye.  To  avoid  this  fete,  an 
attempt  is  made  to  present  a spectrum  of  results,  including  in  sons  instances 
studios  that  had  essentially  negative  findings.  Studies  are  tied  together  by 
suggesting  wheuever  possible  why  different  results  were  obtained,  and  by 
stressing  that  a variety  of  factors  always  operate  together  to  produce  a given 
level  of  performance,  When  summary  graphs  and  charts  are  provided,  the  attempt 
is  always  made  to  provide  enough  background  information  no  that  the  data  will 
not  be  applied  hastily  or  without  careful  thought.  In  short,  this  chapter 
provides  to  designers  (a)  the  knowledge  of  tha  kinds  of  factor#  tliat  have  to 
be  considered  before  arriving  at  a design  decision;  and  (b)  tha  best  and  most 
relevant  data  presently  available  that  can  aid  in  this  decision, 

Workers  engaged  in  basic  and  applied  research  in  the  areas  covered 
should  also  find  this  chapter  useful,  for  it  points  out  where  date  are  par- 
ticularly lacking,  whore  conflicts  should  be  resolved  by  further  experimenta- 
tion, und  whore  findings  need  t9  be  coafinned  and  extended. 


Topics  noc  to  be  covered  in  any  detail  here  include  the  technical 
aspects  of  Bensing/diopiay  oyateoc,  and  those  display  design  considerations 
which  arc  noc  directly  pertinent  to  the  target  acquisition  problem.  Readers 
interested  in  the  former  topic  should  consult  such  sources  as  Biberman  and 
Nudelman  (1971),  Fink  (1937),  Poole  (1966),  and  Luxenberg  and  Kuehn  (1968). 

The  latter  topic  is  amply  covered  by  such  authors  as  Semple,  et  al.  (1971), 
Corel  (1965b) , and  Retchel  and  Jenncy  (1968) . It  should  also  be  noted  that 
this  review  is  heavily  oriented  toward  television  systems.  This  is  under- 
standable since  TV  research  accounts  for  the  great  majority  of  studies  to 
date  concerned  with  air-to-ground  target  acquisition  via  imaging  systems. 

Much  of  the  information  presented,  however,  is  equally  applicable  to  problems 
of  infrared  imaging  systems,  or  high  resolution  radar.  Some  works  specifically 
oriented  toward  the  special  problems  of  IR  systems  are  those  by  Lloyd  (1973) 
and  Biberman  (1971). 

Most  of  the  research  results  are  presented  in  the  following  section 
(Section  4.2).  Each  of  a number  of  imaging  system  parameters  is  discussed, 
and  data  pertinent  to  problems  of  target  acquisition  are  presented.  Section 
4,3  then  discusses  two  comparatively  recent  summary  measures  of  image  quality 
that  show  promise  as  means  of  predicting  performance  and  providing  meaningful 
comparisons  batwe'a  systems.  Finally,  Section  4.4  presents  a summary  and 
conclusions , 

4 . 2 Imaging  System  Parameters 
4.2.1  Field  of  View 

Tha  choice  of  optimal  sensor  field  of  view  (FOV)  has  been  given  con- 
siderable attention  experimentally.  Several  fectoro-  must  be  considered  in 
this  selection,  including  anticipated  altitude,  speed,  type  and  sice  of  target 
being  searched  for,  type  of  terrain  being  searched,  and  the  nature  of  the 
mission.  A sizeable  number  of  classified  studies  has  been  conducted  to  deter- 
mine optimal  FOV  in  the  context  of  particular  system  capabilities  or  mission 
requirements.  For  a good  survey  of  tha  recommendations  made  by  some  of  these 
studieo,  see  Snyder,  et  si,  (1967)  and  Hillman  (1967),  In  addition,  Hairfield 
(1970)  presents  results  from  a number  of  classified,  as  wall  as  unclassified 
studies. 

There  la  no  oin^l*  answer  concerning  the  best  FOV,  oven  for  a given 
set  of  targot/environasntal  conditions.  On  the  ona  hand,  a wide  FOV  permits 
& greater  asount  of  ground  to  b«  covered,  and  thus  Increases  the  probability 
that  ona  or  more  targets  will  b«  displayed  to  the  cbssrvsr.  Thair  displayed 
else,  nowavar,  may  be  ouch  that  recognition  is  not  possible  at  a reasonable 
operational  range.  A smaller  FOV,  hence,  greater  magnificawion,  can  result 
in  increased  recognition  slant  ranges  but  at  the  expense  of  a greater  number 
of  missed  targets.  Differences  in  FOV  also  affect  the  displayed  velocity  of 
the  target,  as  well  ao  the  tatgat  dwell  time  on  tha  display.  With  a wide  FOV, 
angular  rates  of  the  target  across  the  display  are  decreased,  which  can  facil- 
itate! performance.  Furthermore,  tha  amount  of  time  the  target  appears  on  the 
display  is  increased,  giving  the  observer  more  time  to  complete  his  search  and 
make  his  identification.  On  the  other  hand,  a wide  FOV  displays  more  falsa 


targets  and  increases  Che  observer's  neArch  requirements.  If  the  system  is 
to  be  used  for  navigational  purposes  as  well  as  for  target  acquisition,  sev- 
eral otudies  Iwvc  shown  that  a wide  FOV  is  preferable  to  a relatively  narrow 
one  (e.g.,  Leininger,  et  al.  1963,  Williams,  et  al.  1965,  Kinder  and  Stedman, 
1970).  Thus,  there  are  aeveral  opposing  factors  that  must  be  weighed. 


The  following  pages  present  the  results  from  several  representative 
experiments,  illustrating  the  nature  of  those  tradeoffs  to  be  considered  by 
system  designers. 

One  important  study  showing  the  tradeoff  between  the  likelihood  of 
recognizing  the  target  at  all  versus  the  likelihood  of  recognizing  it  at  a 
greater  distance  was  conducted  by  Rusis  and  Snyder  (1965) . They  investigated 
three  TV  camera  FOV' a with  the  following  vertical 'X  horizontal  dimensions: 

25*  X 34®,  7.5*  X 10*,  and  6.2*  X 8.2®.  Their  resultB  are  shown  in  Figure  4-1. 
It  may  be  seen  that  10%  of  the  targets  (for  example)  can  be  recognized  ar. 
about  twice  the  slant  range  for  the  smallest  FOV  as  compared  with  tho  largest 
FOV.  On  the  other  hand,  only  about  55%  of  the  targets  wore  aver  recognized 
with  the  narrow  FOV,  as  compared  to  clmoat  90%  for  the  large  FOV.  This 
difference  would  be  even  more  striking  if  one  were  to  consider  that  many 
potential  targets  never  would  have  been  oeen  at  all  by  the  narrow  FOV  sensor. 
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Similar  results  were  obtained  by  Wyman,  ct  al.  (1966),  who  found  that 
as  horizontal  FOV  decreased  from  50°  to  20",  the  mean  range  for  correct 
lecognition  increased  from  5200  ft.  to  10,500  ft.  (1,585  to  3,200m)  while 
total  target  recognition  probability  decreased  from  0.68  to  0.52. 

Humes  and  Bauerschmidt  (1968)  also  found  results  in  essential  agree- 
ment with  those  presented  above. 

Thus  it  can  be  see  that  the  choice  of  FOV  depends  in  part  on  the  nature 
of  the  mission  and  the  number  of  targets  expected  to  be  encountered.  On  a 
mission  where  targets  of  opportunity  are  plentiful,  and  detection  at  a long 
range  is  necessary  in  order  to  achieve  a high  kill  probability,  a relatively 
narrow  FOV  is  indicated.  On  the  other  hand,  if  the  mission  requirements  dic- 
tate that  it  is  important  to  allow  few,  if  any,  targets  to  go  undetected, 
then  a wider  EOV  is  appropriate. 

The  results  of  a study  of  Gzkaptan,  et  al.  (1968),  however,  Buggeat 
that  the  above  generalization  mu at  be  qualified  somewhat.  They  investigated 
acquisition  performance  under  four  FOV'o  ranging  from  14.68®  to  4.85®  hori- 
zontally. They  found  that  FOV  had  no  effect  when  subjects  were  prebriefed 
as  to  location  of  the  target,  but  that  without  such  briefing,  detection 
probability  was  greatest  with  the  smallest  FOV.  This  result,  however,  was 
probably  the  result  of  their  particular  experimental  approach;  the  targets- 
were  tracked  automatically  so  as  to  be  within  the  FOV  throughout  each  trial. 
Thus,  under  greatest  magnification  (i.e. „ when  FOV  is  smallest)  the  target 
was  large  enough  for  detection  early  An  the  run.  Application  of  these  results 
should  therefore  be  restricted  to  cases  where  it  is  assumed  some  cueing  system 
(e.g.,  radar  or  navigational)  has  enabled  the  target  to  be  brought  within  the 
sensor  FOV, 

A study  by  Simon  and  Craig  (1965)  sought  to  segregate  the  opposing 
effects  of  increased  magnification  and  decreased  observation  time  as  a rcoult 
of  decreasing  FOV.  The  purpose  was  to  determine  the  tradeoff  between  these 
two  factors.  The  subject's  task  was  to  search  for  airfields  in  photographs 
simulating  a telescopic  view  of  the  earth  from  a height  of  325  kilometers. 
Performance  was  found  to  improve  oo  both  magnification  and  observation  time 
increased,  and  image  movement  rate  decreased.  When  a change  in  the  magnifi- 
cation power  was  inversely  proportional  to  changes  in  ul-eervatlon  time  and 
image  movement  rate,  magnification  power  was  found  to  r-a  the  mors  potent 
variable.  Its  possible  effects  more  than  otTse.t  the -negative  effects  of 
decreased  observation  time  and  increased  movement -rate.  The  authors  note 
that  this  result  in  reasonable  when  one  considers  that  increasing  magnifica- 
tion by  a factor  of  2 decreases  observation  time  by  the  same  factor,  but  in- 
creases the  ratio  between  target  area  and  displayed  background  area  by  a 
factor  of  4.  To  some  extent,  the  results  are  specific  to  this  experiment, 
since  target  movement  was  never  allowed  to  exceed  30  degreeo/cecond,  a rate 
beyond  which  acuity  begins  to  decrease  because  of  visual  blur  (cf,  Snyder 
and  Greening,  1965).  If  higher  rates  had  occurred,  this  variable  may  have 
counteracted  the  beneficial  effects  of  increased  magnification. 

» 

The  results  of  studies  such  as  these,  shoving  that  any  one  FOV  has 
both  advantages  and  drawbacks,  have  led  many  to  recommend  that  variable  FOV 1 s 


be  utilized.  Several  methods  are  available  for  providing  multiple  FOV  capa- 
bility. A field  study  by  Heap  (1965)  (reported  by  Purkes,  1972)  has  provided 
some  support  for  the  concept  of  a continuously  variable  FOV  (i-e. , a zoom 
lens).  Some  performance  improvement  was  found  when  a zoom  lens  was  compared 
with  the  corresponding  fixed-focal-length  lens.  Hillman  (1967)  has  noted, 
however,  that  adequate  experimental  justification  for  the  zoom  lens  concept 
has  not  yet  been  provided.  Drawbacks  to  a zoom  system  include  the  need  for 
frequent  adjustments  and  the  loss  of  resolution  while  the  FOV  is  changing. 

Greater  support  has  been  siven  to  the  dual  FOV  approach.  For  example, 
Carter  (1962)  found  that  in  an  evaluation  of  low-light-level  TV  systems,  all 
operators  tested  preferred  having  a wide  FOV  for  search,  with  the  capability 
of  switching  to  a narrow  FOV  for  recognition.  Humes  and  Bauerschmidt  (1968) 
point  out  that  the  optimal  FOV  changes  as  a function  of  other  variables,  and 
therefore  should  itself  be  permitted  to  vary.  For  example,  as  the  camera 
depression  angle  increases,  the  optimal  FOV  increases.  In  addition,  even  if 
the  depression  angle  were  fixed,  it  was  found  that  aircraft  velocity/height 
ratio  (V/H)  interacted  with  FOV,  so  that  under  low  V/H  increasing  the  magni- 
fication improved  recognition  probability,  while  for  a high  V/H  the  opposite 
occurred.  Thus,  in  order  to  ensure  the  best  possible  perfommea  under  vary- 
ing speeds  and  altitudes,  it  seems  highly  desirable  to  permit  the  observer  to 
choose  between  at  least  two  FOV' a. 

A unique  approach  in  providing  variable  FOV  capability  was  investigated 
by  Hyman  and  Sturm  (1966).  They  studied  a dual-TV  system  in  which  the  ob- 
server was  presented  with  a wide  (28°  horizontal)  and  a narrow  (5°)  FOV  scene 
simultaneously.  The  observer  could  select  that  portion  of  the  wide  FOV  that 
he  wished  to  magnify.  The  results  were  predictable  on  tho  basis  of  the  data 
already  presented  in  this  section.  In  comparison  with  a fl^ed  wide-FOV  system, 
the  dual  system  reduced  recognition  time  significantly,  due  to  the  ability  to 
magnify  the  area  in  which  a suspected  target  appears.  Recognition  probabili- 
ties, however,  were  not  affected,  which  is  reasonable  since  it  has  been  6hown 
that  a wide  FOV  improves  the  likelihood  of  target  recognition.  This  result 
may  also  have  been  due  to  the  nature  of  the  test,  which  produced  high  recog- 
nition rates  (over  90%)  under  both  conditions.  It  should  be  mentioned  that 
the  experimental  conditions  did  not  represent  an  air-to-ground  search  situa- 
tion, but  rather  the  recognition  of  motor  vehicles  on  a freeway.  Thus,  this 
approach,  while  suggestive,  should  be  verified  with  a more  representative 
task. 


The  preceding  discussion  has  presented  some  general  considera- 
tions to  be  weighed  when  deciding  upon  the  FOV  to  recommend  for  a system, 
or  when  deciding  between  a fixed  vs.  a variable  FOV.  It  has  been  seen  that 
& Variety  of  factors  must  be  taken  Into  account*  and  tradeoffs  wuat  bo  ca~ 
tabliohed,"  The  remainder  of  this  section  will  present  a discussion  of  tho 
means  for  determining  the  FOV  requirements  in  order  for  a target  to  be  de- 
tected, recognized,  or  identified,  under  a particular  set  of  circumstances. 
Assuming  that  the  target  is  within  the  FOV,  it  may  be  important  for  a sys- 
tem designer  to  know  the  minimum  amount  of  magnification  that  is  necessary 
in  order  for  a particular  task  to  be  carried  out.  Several  variables  are 
interrelated,  and  it  io  possible  to  solve  for  any  one  if  the  others  are 
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known  or  assumed.  These  variables  are:  total  system  resolution,  FOV, 

target  size,  distance  from  the  target  and  number  o£  resolution  lines  re- 
quired across  the  target.  Typically,  designers  would  be  interested  in 
solving  either  for  maximum  permissible  FOV  or  minimum  required  system  reso- 
lution. 

The  maximum  FOV  at  which  a particular  operation  could  be  carried 
out  (e,g.,  detection,  recognition,  identification)  may  be  approximated  by 
the  following  formula: 

L . 57.3  T , (4.1) 

R ' n 


field  of  view  (in  degrees) 

total  uystera  line  number  (a  measure  of  system  resolution, 
expressed  as  a number  of  TV  lines  per  picture  height)* 

range  to  target  (in  meters) 

required  number  of  TV  lines  across  the  minimum  dimension 
of  the  target 

target  size  across  minimum  dimension  (in  meters). 

It  may  also  be  desirable  to  calculate  the  minimum  eysrya.  ■ enolu- 
tion  (L)  required  for  target  acquisition  when  a particular  FOV  is  assumed. 
In  that  case,  the  formula  is: 


FOV  * 

where, 

FOV  «* 
L « 

R “ 

n ** 

T - 


r - FOV  » R . n 
L 57.3  T 


(4.2) 


Before  illustrating  the  use  of  these  formulas,  it  is  necessary  to 
discuss  briefly  tvo  of  these  terms,  L and  n.  Ac  stated,  L,  which  is  the 
total  line  number  of  the  system,  is  one  measure  of  system  resolution  (for 
a discussion  of  additional  measures,  see  Section  4.2.2),  In  practice  it 
may  be  determined  by  finding  a pattern  of  block  and  whita  lines  (i.e.,  a 
square-wave  pattern)  in  which  tho  lines  ore  just  wide  enough  no  that  an 
observer  can  distinguish  them  when  they  arc  presented  through  the  TV  sys- 
tem being  evaluated.  The  nutabar  of  lines  of  that  width  that  would  fit 
from  top  to  bottom  of  the  display  is  then  determined,  and  this  number  is 
L,  It  should  be  noted  that  although  this  measure  of  resolution  is  .widely 
accepted,  in  practice  it  is  not  always  an  entirely  objective  measure, 
oir.ee  observers  will  disagree  to  some  extent  as  to  when  the  pattern  is  uo 
longer  distinguishable. 


With  regard  to  n,  the  required  number  of  TV  lines  acroos  the  target, 
this  is  an  empirical  measure  that  has  been  determined  for  a certain  claca 
of  targets  and  under  certain  conditiona  by  Johnson  (1958) . It  is  remark- 
able, considering  the  number  of  times  the  so-called  "Jchnuon  criterion" 
lias  been  applied  (correctly  and  incorrectly),  that  further  parametric 
studies  have  not  been  conducted  to  extend  his  findings.  Because  of  the 
importance  of  Johnson's  "equivalent  bar  pattern"  concept,  some  time  will 
be  spent  describing  it. 

The  basic  idea  is  to  find  a way  of  describing  complex  real  targets 
in  terms  of  much  simpler  visual  patterns.  Johnson  placed  a variety  of 
military  targets  at  some  distance  from  a TV  camera.  Alongside  these  tar- 
gets he  placed  a number  of  square-wave  patterns,  differing  with  respect 
to  the  width  of  the  lines.  These  patterns  are  described  in  terms  of  the 
number  of  lines  that  will  fit  across  the  minimum  dimension  of  the  target 
(see  Figure  4-2).  When  he  had  found  that  a particular  target  could  be 
detected  at  a particular  distance,  he  found  the  bar  pattern  that  could  be 
Just  resolved  at  that  distance.  He  found  that  for  each  perceptual  task, 
it  was  possible  to  describe  performance  simply  in  terms  of  the  number  of 
just-distinguishable  lines  that  would  fit  across  the  minimum  dimension  of 
the  target,  and  that  this  number  was  relatively  independent  of  the  parti- 
cular target  and  the  viewing  distance.  Table  4-1  presents  his  results. 
Johnson  notes  that  his  findings  were  also  independent  of  signal-to-noise 
ratio  and  contrast,  provided  that  the  contrast  of  the  bar  chart  was  the 
same  as  the  contrast  of  the  target  itself. 
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TABLE  4-1 


Optical  loage  Transformations  (adapted  frota  Johniton,  1958) 


(o)  Level*  of 

discrimination  defined. 

Classification  of 

Definition 

Discrimination  Level 

Detection 

An  object  in  present 

Orientation 

The  object  is  approximately  oysmatric  or 
asymsetric  end  it*  orient# t ion  my  be 
discerned 

Recognition 

The  class  to  which  the  object  belongs  any 
be  discerned  (e.g.,  gun,  truck,  nan,  etc.) 

Identification 

The  target  can  be  described  to  the  linlt 
of  the  observer's  knowledge  (c.g.,  105nw 
howitzer,  jeep,  soldier,  etc.) 

(b)  Johnson' o criteria  for  required  resolution. 


Resolution  (in  TV  lines)  per  Minimum  Dimension 


Broadside  View 

Detection 

Orientation 

Truck 

1.8 

2.5 

M-48  Tank 

1.5 

2.4 

Stalin  Tank 

1.5 

2.4 

Centurion  Tank 

1.5 

2.4 

Half-Track 

2.0 

3.0 

Jeep 

2.4 

3.0 

Cocasnd  Car 

2.4 

3.0 

Solder  (Standing) 

3.0 

3.6 

105  Howitzer 

2.0 

■ 

3.0 

Average 

m 

2.8  t .7 

8.0  ± 1,6 


12.8  ± 3.0 


Upon  reflection  it  Bay  be  seen  that  Johnson's  criterion  can  be  very 
useful.  One  of  the  principal  advantages  is  that  it  may  be  used  regardless 
of  the  resolution  of  the  particular  imaging  system  under  consideration  — 
since  it  is  in  effect  pegged  to  that  resolution.  For  ejusmplo,  suppose  wa 
calculate  that  the  image  of  an  M-48  tank  oust  be  Q t*»  high  in  order  that 
U TV  lines  could  fit  across  it  in  a 500-line  system.  If  tha  system  resolu- 
tion were  now  cut  to  250,  Johnson's  criterion  would  not  change;  rather,  the 
image  would  simply  have  to  be  made  twice  as  large  on  the  same  display  in 
order  for  It  to  be  identified. 


In  comparison,  It  should  be  noted  that  a somewhat  similar  approach 
has  been  taken  by  a number  of  researchers  who  have  sought  to  determine  the 
required  number  of  TV  scan  lines  to  be  placed  across  the  image.  Some  of 
these  studies  are  reviewed  in  Section  A. 2. 3;  many  represent  valuable  con- 
tributions to  the  literature.  But  it  should  be  pointed  out  that  in  apply- 
ing those  results  one  must  also  have  an  additional  piece  of  information  — 
namely,  some  measure  of  the  resolution  of  the  TV  system  that  was  employed 
in  the  studies.  This  information  is  necessary  since  if  the  resolution 
changes,  the  required  number  of  scan  lines  will  change  as  well. 

It  should  of  course  be  noted  that  applying  Johnson’s  criteria 
may  give  good  "ball  park"  answers,  but  that  they  will  not  be  exact.  For 
example,  no  consideration  was  given, to  oblique  viewing  angles  — the 
targets  in  Figure  4-2  are  shown  as  they  would  be  seen  when  straight  ahead, 
rather  than  below  and  in  front  of  the  observer.  Further  experimentation 
could  extend  Johnson's  findings  in  many  ways,  by  exploring  different 
viewing  anglea,  different  target  backgrounds,  adding  time  constraints, 
etc.  A caution  is  also  in  order,  which  ia  not  widely  understood:  as 

noted,  Johnson*®  equivalent  bar  patterns  were  always  of  the  eassc  con- 
trast as  the  targets  themselves.  For  high  contrast  targets  this  pre- 
sents no  problem.  But  if  one  ia  attempting  to  apply  his  criterion  in  the 
case  of  a target  that  is  assumed  to  be  of  low  contrast,  one  has  to  redefine 
total  system  resolution,  L,  by  adjusting  it  downward.  Since  L is  normally 
measured  with  a high  contrast  pattern,  it  would  result  in  an  underestima- 
tion of  the  required  image  size,  or  an  overcstimation  of  the  maximum  FOV, 
when  n has  been  determined  with  a low  contrast  pattern.  What  ia  needed  is 
a series  of  graphs  showing  how  the  TV  line  number  would  change  if  bar 
patterna  of  various  lower  contrasts  were  employed.  Another  problem  arices 
with  targets  that  are  not  of  uniform  luminance.  In  such  cases,  contrast 
is  not  easily  defined,  and  a bar  pattern  of  "equivalent"  contrast  is,  at 
best,  arbitrary. 

Let  us  return  now  to  Equations  (4.1)  and  (4.2),  giving  aa  example  of 
how  they  may  be  used.  Figures  4-3  to  4-0  (adapted  from  Erickson,  et  al  - 
1974)  present  the  equations  graphically  for  a variety  of  ranges  (R) , and 
show  how  maximum  FOV  or  minimum  L can  be  determined  once  the  other  param- 
eters are  known  or  assumed.  For  example,  assume  that  a recognition  range 
of  2 kilometers  i3  needed  against  a tank  that  is  3 metero  high.  If  15  TV 
lines  are  needed  for  identification,  T/n  » ,20  (end  n/T  » 5).  Figure  4-5 
showa  that  with  a FOV  of  2*,  a 350-line  system  is  needed,  or  that  with  a 
600-line  system,  the  maximum  permissible  FOV  would  be  3 A*. 

4.2.2  Resolution 


The  subject  of  resolution  io  large  ssui  complex,  and  cute  across 
many  of  the  other  topics  covered  in  this  chapter » There  io  not  even  one 
good  definition  of  what* is  meant  by  resolution;  rather,  there  are  several 
definitiona,  all  of  which  are  useful  for  certain  applications,  Hsny  of 
these  definitions  can  be  related  to  each  other,  given  certain  assumptions. 
This  section  will  cover  a number  of  what  taay  be  called  tha  "traditional" 
measures  of  resolution.  The  intention  hero  in  to  define  them  briefly,  to 
show  how  they  are  related  *0  each  other,  and  to  summarize  the  literature 
relating  them  to  target  acquisition  performance. 
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Figure  4-3.  Graph  of  Equations  {4.1)  and 
(4.2)  for  Slant  Range 
(R)  * 1 Kilometer 
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Figure  4-4.  Graph  of  Equations  (4.1)  and 
i / {4.2)  for  Slant  Range 

( , (R)  » 1.5  Kilometers 
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There  are  Beveral  good  sources  available  which  discuss  these  meas- 
ures in  much  greater  detail,  and  no  useful  purpose  would  be  oorved  by  re- 
peating those  discussions.  Among  recommendud  sources  for  those  wishing  a 
deeper  treatment  of  resolution  measures  are  Carol  (1965),  Semple  et  al 
(1971),  and  Slocum  et  al  (1967).  The  first  two  of  these  sources  are  espe- 
cially helpful  for  tiie  reader  who  is  unfamiliar  with  display  design.  They 
provide  a good  fundamental  understanding  of  resolution  measures  for  elec- 
tro-optical syjtetns,  and  of  the  principles  on  which  they  are  baaed.  For 
a discussion  of  other  resolution  measures  which  are  applicable  to  thermal 
imaging  systems,  a good  source  is  Lloyd  (1973). 

A later  section  in  this  chapter  (Section  6.3)  will  present  a dis- 
cussion of  some  more  recent  summary  measures  of  image  quality,  along  with 
some  of  the  experimental  results  available  to  dote.  Many  researchers 
feel  that  these  new  measures  may  supplant  some  of  the  traditional  terms, 
and  provide  a more  coherent  framework  by  which  image  quality  may  be  under- 
stood. 


One  of  the  commonly  employed  techniques  for  measuring  and  speci- 
fying resolution  for  line-scanned  displays  is  shrinking  raster  resolution. 

As  Slocum  et  al  (1967)  describe  it,'  the  technique  involve®  presenting  a 
raster  of  equally-spaced  lines  on  a display,  and  "shrinking"  the  spacing 
between  these  lines  until  the  average  observer  can  just  barely  perceive 
that  lines  are  present.  This  normally  occurs  when  there  is  about  a 2%  - 
5 X drop  in  luminance  between  adjacent  linos.  Aoeuming  that  the  energy  dis- 
tribution in  a CRT  spot  is  gauasian  (normally  distributed),  the  line  spacing 
when  this  flat-field  condition  obtains  is  approximately  2 a,  where  a is 
the  standard  deviation  of  the  point  spread  function,  or  the  radius  of  the 
spot  at  the  point  where  its  Intensity  is  60.655!  of  its  maximum  value. 

Another  common  resolution  measure  is  called  television  resolu- 
tion, or  TV  limiting  response.  A square-wave  bar  pattern  is  displayed, 
and  the  spatial  frequency  (number  of  bars  per  linear  dimension)  of  the 
pattern  is  increased  until  the  observer  can  Just  detect  tho  pattern.  The 
limiting  resolution  is  chon  expressed  as  the  number  of  black  and  white 
bars  discernible  per  unit  length  (ouch  as  lines  per  picture  height,  or  line 
pairs  per  millimeter.)  It  should  be  noted  that  ono  square-wave  cycle  - l.e., 
one  black  and  one  white  line  - is  referred  to  as  2 TV  lines.  If  a gaussian 
epot  ic  again  assumed,  the  limiting  response  iu  reached  when  ths  TV  lines 
are  separated  by  a distance  of  1.18o.  Thus,  tho  number  of  IV  limiting  lines 
per  unit  distance  exceeds  the  number  of  shrinking  raster  linan  by  approxi- 
mately a factor  of  1.7  (Slocum  et  al,  1967). 

Another  resolution  measure  used  in  television  engineering  is  the 
TV^n  resolution,  which  is  based  on  objective  measurement . rathar  than  on 

tho  subjective  criterion  necessary  for  detarmining  TV  limiting  resolution. 
TV50  resolution  may  bo  expressed  as  the  ooparetion  between  two  points  of 

light  at  which  the  intensity  of  the  dork  region  between  them  is  50%  of  the 
intensity  of  their  brightest  points. 
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The  50%  amplitude  reoohitlon  (aloo  known  us  the  rooter  line  width) 
is  the  width  of  a resolution  -Ucrcant  when  its  amplitude  is  50%  of  its  maxi- 
mum level, 

A resolution  measure  very  commonly  seen  today  1b  the  MTF,  or  mod- 
ulation transfer  function.  The  MTF  has  been  covered  in  some  detail  in 
Chapter  2.  Briefly,  it  is  an  objective  measure  which  describes  the  re- 
sponse of  a system  to  a sine-wave  (rather  than  square-wave)  target;  the  re- 
sponse Is  expressed  as  the  ratio  of  output  to  input  modulation  as  a func- 
tion of  spatial  frequency.  The  MTF  is  not  afi  simple  as  some  other  tech- 
niques for  specifying  resolution,  because  it  is  not  expressed  as  a single 
number.  One  of  its  useful  properties,  however,  is  that  if  the  MTF's  of 
all  the  system  components  are  known  (e.g.,  lens  of  the  TV  camera,  video 
amplifier,  CRT),  the  total  system  MTF  is  found  by  multiplying  the  MTF'n 
of  the  components.  The  MTF  can  be  related  to  some  of  the  other  resolu- 
tion measures  discussed  above,  if  the  spot  distribution  is  known.  If  a 
gaussicn  distribution  is  again  assumed,  the  relationship  is  that  which  is 
presented  in  Figure  4-9  (from  Slocum  et  al.,  1967).  For  example,  the  modu- 
lation transfer  factor  is  29%  for  a sine  wave  pattern  whose  half-cycle 
spacing  equals  the  shrinking  raster  resolution  spacing. 
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Figure  -i-9.  Relationship  Between 
Roletivo  Modulation  Tramifer 
Function,  Shrinking  Raster 
Resolution,  and  TV  Limiting 
Resolution  (from  Slocum 
ot  al.,  1967) 


Still  another  resolution  measures,  proposed  by  Otto  Schade,  is  the 

enulvalent  pacaband  (H  ).  H its  related  to  the  MTF  in  the  following  wayi 
t • 1 — — — . c a 

while  MTF  expresses  ths  tsSpOhas  of  a system  in  one  uiu»fiSiC*ii,  »» ^ ifi  cu~ 
latcd  to  thin  response  in  two  dimensions,  and  thus  is  based  on  the  square 
of  the  MTF  (Snyder  ot  al.,  1973).  The  formula  io s 
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<r)2  dN, 


(4.3) 
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whore 


r la  the.  proportional  sine-wave  response,  or  modulation  transfer 
factor,  and  H is  the  spatial  frequency  in  TV  lines/picture  height. 

Expressed  in  words,  this  states  that  N is  the  cutoff  frequency  for  a rec- 
tangular response  (perfect  filter)  function  (one  which  drops  abruptly  from 
100%  to  0%),  when  the  area  of  that  rectangular  is  equivalent  to  the  area 
under  the  MTF  curve.  Thus  the  measure  provides  a single  score,  which 

is  based  on  the  response  of  the  system  across  its  total  operating  spectrum, 
rather  than  at  any  particular  spatial  frequency. 

Several  of  the  common  resolution  measures  can  be  related  to  each 
other  quite  readily.  Tables  of  conversion  factors  have  been  presented  by 
Card  (1965) , and  by  Slocum  et  al  (1967) . Table  4-II  presents  the  informa- 
tion compiled  by  Slocum  et  al.  It  should  be  noted  that,  since  these  rela- 
tionships were  calculated  on  the  basis  of  gaussian  spot  distributions,  they 
are  only  first  approximations  and  may  result  in  large  errors  if  spot  dis- 
tributions are  not  gaussian. 

TABLE  4-1 I 

Conversion  Table  for  Several  Measures  of  Display  Syotcn  Resolution 
Where  o equals  the  Standard  Deviation 
(From  Slocua  ef  al.,  1967) 
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Many  authors  discussing  target  acquisition  via  line  scanned 
Imagery  commonly  employ  yet  another  measure  of  "resolution,"  namely  the 
number  ol  active  raster  scan  lines  present  on  a display.  Often  they  will 
refer  to  these  scan  lines  Inappropriately  as  "TV  lines,"  thus  creating 
another  source  of  confusion  fot  those  accustomed  to  specifying  limiting 
resolution  in  terms  of  TV  lines  per  picture  height.  Discussion  of  "rcsolu- 

I tlon"  in  turns)  of  raster  lines  is  unfortunate  because,  as  Biberman  (1973) 

puts  it:  "...the  number  of  lines  in  a raster  of  a television  display  with 

no  input  is  identical  to  the  number  of  lines  on  the  same  set  with  an  input 
of  high  uignal-to-noise  ratio  resulting  in  a clear,  clean,  and  bright  pic- 
ture, The  zero  input,  of  course,  produces  only  a clear  and  clean  pattern 
of  horizontal  lines  with  no  picture  and  no  information."  The  attempt  has 
been  madu  to  avoid  compounding  this  confusion  in  the  present  report,  and 
the  topic  of  raster  line  density  is  covered  in  another  section  (Section 
4.2,3). 

Studies  of  target  acquisition  experiments  which  investigated  some 
measure  of  resolution  are  very  few  in  number.  Recommendations  as  to  mini- 
mum resolution  requirements  may  be  found  in  quite  a few  sources,  but  the 
data  base  for  these  recommendations  is  quite  small,  particularly  with  regard 
to  realistic,  operationally  relevant  experiments.  A larger  number  of 
studies  have  been  concerned  with  the  variable  of  raster  line  density,  and 
have  sought  to  determine  the  number  of  scan  lines  required  across  a target 
for  different  operations.  Theoe  studies  are  discussed  in  Section  4.2.3, 

s The  work  by  Johnson  (1958)  on  resolution  requirements  for  var- 

ious target  acquisition  tanks  is  widely  known,  and  the  so-called  Johnson 
criteria  are  frequently  consulted  by  designers.  Johnson's  work  was  dis- 
cussed in  considerable  detail  in  Section  4.2.1,  and  Table  4-1  presented  a 
summary  of  ills  criteria  for  a variety  of  targets  and  tasks.  It  should 
again  bo  pointed  out  that  his  data  are  not  exact  and  should  be  applied 
will:  care.  Because  Ills  approach  is  potentially  so  useful,  however,  a 
greatly  expanded  study  along  similar  lines  would  be  a valuable  contribu- 
tion to  the  field.  Among  the  parameters  to  be  included  in  such  a study 
would  be  target  background,  viewing  angle,  target  motion,  viewing  time 
limitations,  and  subjective  confidence  levels, 

/ A number  of  otudiea,  while  not  concerned  with  resolution  as  an 

independent  variable,  have  followed  Johnson's  lead  and  expressed  their  re- 
sults in  tarm3  of  the  number  of  resolution  elements  that  must  be  placed 
across  the  target  in  order  for  some  level  of  performance  to  be  attained. 
Williams  and  Borda  (1964),  for  example,  found  that  between  4 and  9 TV 
lines  wore  required  in  order  to  make  a positive  identification  of  simple 
geometric  forms  seen  on  homogeneouc  backgrounds.  When  more  realistic  tar- 
get shapes  were  used,  such  ao  scale  models  of  military  vehicles  and  other 
tncticni  recognition  required  between  6 and  9 TV  lines,  with  the 

exception  of  bridges  which  required  from  3 to  8 lines.  Those  were  high 
contrast  targets  seen  on  clear,  uncluttered  backgrounds. 

A series  of  detection  exoerimento  using  a black  and  white  TV 
system  was  conducted  by  Oatman  at  the  Army's  Human  Engineering  Labora- 
tories, Using  a static  scene,  Oatman  measured  the  probability  of  detect- 
ing an  M-48  tank  when  it  appeared  in  various  occtors  of  the  TV  display. 
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In  one  experiment  (Oatman,  1965a)  the  horizontal  limiting  resolution  was 
varied  from  300  to  800  TV  lines,  while  vertical  resolution  did  not  change 
(875  scan  lines).  Detection  probabilities  were  found  to  be  significantly 
lower  for  the  300  line  condition,  but  there  were  no  differences  from  400 
to  800  lines.  This  result  was  thought  to  be  due  to  the  fact  that  resolu- 
tion was  changed  in  only  one  dimension.  A second  study  (Oatman,  1965b), 
therefore  varied  resolution  in  both  dimensions.  One  condition  employed 
i-  limiting  resolution  in  the  horizontal  direction  of  300  TV  lines,  and  had 
800  scan  lines;  the  other  condition  had  a limiting  resolution  of  450  TV 
lines  and  employed  450  scun  lines.  Detection  scoreB  were  significantly 
better  in  the  higher  resolution  condition.  Since  only  two  resolution 
levels  were  used  in  this  study,  it  is  not  possible  to  say  whether  per- 
formance would  have  been  even  better  with  higher  resolution.  Hillman 
(1967)  points  out  that  Oatman’ s studies  found  a critical  resolution  for 
target  detection  of  approximately  7 - 9 TV  lines  across  the  target,  with 
performance  above  9 TV  lines  showing  no  further  improvement.  This  is  sub- 
stantially higher  than  Johnson’s  criterion  for  detection,  and  corresponds 
more  closely  to  his  recognition  criterion.  A discrepancy  this  large  is  not 
surprising  considering  the  many  differences  between  these  studies,  although 
the  exact  reason  for  the  discrepancy  is  not  clear.  It  does,  however,  under- 
score the  need  for  studies  to  extend  the  Johnson  criteria  to  encompass  more 
conditions. 

Several  additional  studies  investigating  resolution  have  involved 
the  presentation  of  abstract  geometric  stimuli  in  a totally  artificial 
Betting.  While  some  of  these  studies  may  have  contributed  to  our  basic 
understanding  of  resolution,  their  Inclusion  here  does  not  seem  warranted. 
For  the  reader  wishing  to  pursue  this  topic,  Bliss  (1969)  discusses  a num- 
ber of  these  studies.  In  addition,  Smith  (1961)  presents  a series  of  nomo- 
graphs which  include  (among  other  parameters)  the  effects  of  resolution, 
and  which  are  based  on  data  from  abstract  stimuli  — namely,  Blackwell's 
"eight  position  search  in  six  second"  detection  threshold  experiments. 

Smith  concludes  that,  for  small  targets,  televisual  detection  range  would 
increase  tip  to  about  600  TV  lines,  but  that  detection  range  for  large  tar- 
gets is  independent  of  resolution. 

Some  studies  have  been  concerned  with  validating  the  equivalent 
passband  (H  ) measure  aa  a means  of  predicting  performance  in  realistic 
teaks.  Hilfman  (1966)  points  out  that  subjective  ratings  of  picture  sharp- 
ness correlate  well  with.  Na.  With  regard  to  target  recognition,  she  dis- 
cusses an  experiment  performed  at  RCA  which  studied  the  recognition  of 
military-type  targets  Been  against  realistic  backgrounds.  While  detailed 
results  are  not  presented,  Hillman  states  chat  recognition  performance  in- 
creases an  a function  of  up  to  com#  point,  and  then  remains  independent 
of  This  result  implies  that  beyond  j certain  point  increases  in  re- 
solution do  not  pay  off  in  terms  of  increased  operator  effectiveness. 

Snyder  ct  al  (7.973),  however,  state  that  while  Ne  may  be  a good 
predictor  in  the  case  of  photographic  imagery,  ‘there  is  a serious  problem 
limiting  its  usefulness  in  electro-optical  systems,  viz.,  the  noise  level 
of  the  system.  It  is  possible  for  two  systems  with  the  oamo  Ne  value  to 
have  different  noise  levels,  and  this  noise  level  has  a very  strong  effect 
on  operator  performance. 
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As  this  review  lias  pointed  out,  we  are  faced  with  a difficult 
set  of  problems  when  it  comet  to  measuring  and  specifying  image  quality 
in  a fashion  that  permits  accurate  prediction  of  observer  performance. 
Although  these  problems  are  bad  enough  in  the  case  of  predicting  perform- 
ance with  simple  geometric  shapes  seen  against  a plain  background,  they 
arc  much  worse  in  the  real  world.  Nevertheless  some  progress  has  been 
made,  and  this  section  has  summarized  some  of  the  studies  of  particular 
importance  to  military  needs.  Self  (1969)  has  made  some  thoughtful  com- 
ments concerning  image  quality  measures  relevant  to  performance  predic- 
tion, and  those  comments  which  arc  especially  pertinent  to  the  present 
discussion  are  quote  below; 

"It  is  often  a matter  of  conjecture  as  to  what  constitutes 
significant  detail  in  target  objects,  ar.d  as  to  how  much  resolu- 
tion is  required  to  adequately  record  or  perceive  such  detail. 

How  much  resolution  is  needed  is  further  complicated  by  whether 
or  not  the  detail  of  concern  appears  in  an  appropriate  or  expect- 
ed part  of  the  target. 

"When  measured  by  time  to  detect  or  recognize  a target,  in- 
creased resolution  increases  performance  for  awhile,  but  is  a 
matter  of  diminishing  returns.  A point  will  be  reached  beyond 
which  increased  resolution  docs  not  improve  performance. 

"Attaining,  when  viewing  Circe  is  unlimited,  some  given  pro- 
bability of  recognizing  a target  by  form  alone,  i.o.,  without 
briefing  or  contextual  cues,  requires  some  minimum  number  of 
resolution  elements  across  the  maximum  dimension  of  -the  target. 

The  higher  the  desired  probability,  within  limits,  the  more  re- 
solution elements  required.  Identification  requires  more  resolu- 
tion than  detection.  The  lumber  of  resolution  elements  required 
__  depends  upon  the  critical  details,  so  it.  is  different  for  different 
Target  objects.  Resolution  required  also  depends  upon  the  shape 
of  competing  nontarget  objects. 

"When  viewing  time  is  not  unlimited  the  same  factors  must  be 
taken  into  account  and,  in  addition,  the  dependency  of  required 
resolution  upon  the  time  limits  or  desired  reaction  time  mur-c  be 
taken  into  account. 

"No  matter  how  measured,  limiting  resolution  in  an  image 
varies  with  location  in  the  secnG  or  image;  Image-forming  sen- 
sors do  not  resolve  uniformly  across  the  total  picture.  In  addi- 
tion, resolution  in  different  directions  at  any  point  in  a two- 
dimensional  image  iti  usually  different. 

"The  eigniflcant  dotnila  of  a target  may  differ  iu  contrast 
(hones  in  refioluti.cn/  from  ths  overage  contrast  of  the  target 
with  ito  iaswdista  surrour.cing.  The  background  of  the  signifi- 
cant datail  may  even  be  the  target." 
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In  nummary,  Ketehel  anti  Jenncy  (1968)  present  a list,  of  general 
considerations  to  be  borne  in  mind  when  designers  are  establishing  re- 
quirements for  electro-optical  display  resolution.  While  some  of  Lliese 
generalizations  are  more  pertinent  to  the  perception  of  symbology  rather 
than  target  acquis ition,  per  se,  the  entire  list  is  reprinted  below. 

1.  A systems  approach  should  be  taken.  Attempts  should  be  made  by 
the  designer  or  user  of  a display  to  determine  the  kinds  of  sen- 
sors that  will  be  used  in  a given  weapon  system.  If  more  defini- 
tive data  are  lacking,  the  roost  stringent  sensor  resolution  pro- 
blem should  be  identified  and  the  rule  of  thumb  that  "display 
resolution  should  be  twice  that  of  the  effective  resolution  of 
the  sensor"  may  be  applied.  (Slocum  et  al,  1967). 

2.  If  sensor  data  are  lacking  but  mission  requirements  are  known,  an 
attempt  should  be  made  to  relate  the  most  stringent  mission  and 
task  requirement  to  display  capability. 

3.  If  the  above  seem  inappropriate,  an  attempt  ohould  be  made  to 
specify  whether  or  not  a TV  mode  will  be  used  and  what  the  pur- 
pose of  that  mode  will  be.  The  recognition  of  ground  targets, 
for  example,  might  dictate  chat  a given  level  of  resolution  is 
required. 

4.  For  those  displays  which  provide  only  stylized  symbology  for 
head-down,  VSD  [vertical  situation  display]  type  command  and 
attitude  information,  the  500  raster  lines  now  commonly  speci- 
fied for  such  displays  are  probably  adequate.  If  the  addition 
of  multisenoor  capability  is  anticipated,  resolution  approaching 
Ca-el'a  1000  Hues  might  bo  used, 

5.  If  alphanumeric  symbols  arc  to  be  displayed,  an  attempt  should  be 
made  to  apply  the  findings  of  Shurtlcff  and  his  colleagues  (1967) 
so  that  an  adequate  number  of  elements  per  symbol  height  are  pro- 
vided . 

6.  In  all  instances  the  size  of  a display  and  viewing  distance  should 
be  related  to  Whltham’s  (1965)  charts  to  determine  that  the  planned 
design  will  not  create  symbol  elements  that  are  too  large  or  so 
tiny  that  they  represent  an  unwarranted  overdesign. 

4,2.3  Raotcr  Line  Effects 

A substantial  number  of  studies  have  been  concerned  with  the 
effects  of  the  raster  lines  (TV  scan  lines)  on  the  perception  of  informa- 
tion via  line-scanned  imagery.  This  section  will  review  and  summarize  many 
of  these  studies.  Out  of  necessity,  the  coverage  will  be  selective,  and 
will  include  only  those  reports  deemed  most  relevant.  For  a brief  descrip- 
tion of  additional  studies  not  covered  here,  see  Hairfield  (1970).  There 
are  actually  two  kinds  of  experiments  that  fall  under  the  heading  of  raster 
line  effects,  and  this  section  will  be  subdivided  accordingly.  In  the 
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first  group  Are  studies  concerned  with  specifying  the  number  of  raster 
lines  necessary  to  generate  the  target  image  when  a particular  level  of 
performance  is  desired.  The  second  group  of  studies  deal  with  the  total 
number  of  raoter  lines  that  ahould  be  present  in  a display.  Important 
here  is  a discussion  of  the  interfering  effects  of  the  raster  structure 
itself— in  particular,  the  opacing  between  lines  and  the  "sharpness"  of 
the  individual  lines. 

Scan  Lines  Across  the  Target 

4 

Turning  first  to  the  question  of  the  required  number  of  TV  scan 
lines  across  the  target,  a number  of  investigatoro  have  explored  this 
issue  within  the  context  of  "resolution".  As  stated  in  the  section  on 
resolution  (Section  4,2.2),  the  raster  line  density  is  sometimes  taken  as 
an  index  of  resolution  ia  the  vertical  direction.  It  is  questionable  whether 
raster  line  number  should  really  be  viewed  as  a resolution  index,  because 
by  itself  it  telle  nothing  about  the  ability  of  a s'/otea  to  create  a faith- 
ful image.  It  is  for  this  reason  that  the  work  os  this  topic  is  summa- 
rized here,  rather  chan  in  the  section  on  resolution. 

Erickson  and  his  colleagues  at  the  Naval  Weapons  Center  at  China 
Lake,  California,  have  conducted  a series  of  experiments  on  line-scanned 
imagery,  involving  both  abstract  and  realistic  targets  and  backgrounds. 

These  studies  have  consistently  demonstrated  a positive  correlation  between 
target  identification  performance  and  the  number  of  scan  lines  passing 
through  the  target. 

In  some  of  their  early  work  with  abstract  oymbolo,  Erickson  ana 
Main  (1966)  found  that  patterns  could  be  located  100%  of  the  time  provided 
they  were  made  up  of  at  least  6 scon  lines,  but  that  for  SOX  identifica- 
tion accuracy  20  scan  lines  were  required.  Erickson,  Main  and  Burge  (1967) 
employed  a different  monitor  and  found  that  90%  identification  accuracy 
was  obtained  with  12  scan  lines  per  symbol, 

E-rickaon,  Linton  and  Hemingway  (1963)  conducted  further  studies 
on  symbol  legibility,  using  an  875-line  TV  system  instead  of  the  525-linc 
system  employed  previously.  With  regard  to  identification  performance, 
they  found  that  the  results  agreed  closely  with  results  obtained  from  a 
S25-line  system,  and  concluded  that  525-lina  data  can  be  used  to  predict 
performance  with  other  raster  line  densities,  provided  the  results  are  ex- 
pressed in  terms  of  the  number  of  scan  lines  across  the  target,  and  the 
angular  subtense  of  the  target  at  the  observer’s  eye.  The  authors  also 
reviewed  the  literature  for  a number  of  studies  concerned  with  visibility 
of  alphanumeric  and  geometric  symbols,  and  found  that  the  results  ranged 
from  approximately  4 to  12  sc&n  lines  for  90%  identification  performance 
(with  angular  subtenses  of  approximately  10-15  minutes  of  arc • ) 

Some  of  the  work  fey  Erickson  and  his  collecgues  or.  TV  systems  is 
summarized  by  Erickson  (1971).  The  Vesdsr  is  referred  to  this  report,  not 
only  because  it  is  valuable  as  a summary , but  also  because  it  discusses 
much  of  tha  philosophy  of  human  factors  research  with  television  and  pts- 
sonts  recommendations  for  further  work. 
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One  methodological  dllliculty  with  some  ntudieB  exploring  raster 
line  spacing  ia  that  Che  number  of  lines  across  the  target  is  sometimes 
confounded  with  the  size  of  the  target.  This  can  be  a serious  drawback, 
for  if  one  is  investigating  the  effect  of  placing  different  numbers  of  scan 
lines  across  a target,  the  angular  size  of  the  target  should  be  kept  con- 
stant, since  size  would  be  expected  to  affect  performance  in  many  situa- 
tions. What  is  required  are  studies  that  result  in  a plot  of  angular  sub- 
tense of  the  target  vs.  the  number  of  acan  lines  across  it,  for  a given 
level  of  performance. 

This  is  exactly  the  approach  taken  by  Hemingway  and  Erickson  (1969) 
in  a study  where  subjects  were  required  to  identify  a variety  of  geometric 
symbols.  They  independently  varied  the  angular  subtense  of  the  targets 
(4.4',  6.0',  and  10.2'  of  arc)  and  the  number  of  raster  lines  per  symbol 
height  (4.8,  6.3,  7.8,  12.5,  15.5,  und  25.6).  The  angular  size  of  the  ras- 
ter lines  varied  directly  with  the  angular  size  of  the  targets,  and  inverse- 
ly with  the  number  of  raster  lines  per  symbol  height.  The  results  demon- 
strated that,  over  a certain  range  of  values,  a tradeoff  exists  between 
angular  size  and  the  number  of  lines  across  the  target.  If  the  target  got 
smaller  in  angular  oubtense,  the  asms  level  of  performance  could  be  achieved 
by  increasing  the  number  of  scan  lines  across  it.  The  authors  com- 
bined their  data  with  the  data  of  other  researchers  and  arrived  at  the  com- 
posite curves  shown  in  Figure  4-10.  Three  curves  are  shown  tor  80%,  90%, 
and  35%  correct  identification.  (Incidentally,  these  curves  are  not  really 
asymptotic.  If  they  are  extended  further  along  the  abscissa,  they  eventually 
will  begin  to  rise  because  as  the  angular  subtense  of  the  target  keeps  increas- 
ing, so  does  the  subtense  of  the  raster  iines.  Before  long,  the  raster  struc- 
ture itself  will  begin  to  interfere  with  perception  of  the  target.  (This 
effect  can  be  observed  by  anybody  who  gets  too  close  to  a TV  screen). 


Figure  4-10.  Summary  of  Symbol  Legibility  Performance 
at  80,  SO,  and  95t  Correct  (from  Hemingway 
and  Erickson,  1069) 


Thin  approach  was  continued  and  extended  by  Erickson  and  Hemingway 
(1970b)  In  experiments  involving  images  of  military  vehicles.  The  stimuli 
were  photographa  of  vehicles  seen  against  either  an  unstructured,  sandy,  or 
foliage  background.  Unfortunately,  the  results  were,  not  as  simple  as  the 
tradeoffs  presented  in  Figure  4-10,  especially  for  targets  seen  against 
natural  terrain.  For  a high  probability  of  correct  identification  to  be 
assured,  the  vehicles  had  to  subtend  at  least  14*  of  arc,  and  to  be  comprised 
of  at  least  10  scan  lines.  Further  research  of  this  nature  should  result 
in  sufficient  data  to  construct  curves  for  realistic  targets  similar  to  those 
shown  in  Figure  4-10  for  abstract  stimuli. 

Other  studies  have  explored  the  effects  of  number  of  scan  lines, 
but  not  the  tradeoff  between  scan  lines  and  angular  size.  Some  of  these 
studies  are  briefly  described  below. 

Brainard,  Hanford  and  Marshall  (1965)  studied  the  identifica- 
tion of  scale  model  targets  (storage  tanks,  bridges,  buildings  and  aircraft) 
seen  against  realistic  backgrounds.  Cumulative  identification  probability 
was  nearly  a linear  function  of  the  number  of  scan  lines.  For  90%  correct 
identification,  between  7 and  10  scan  lines  were  required  with  the  particu- 
lar TV  system  and  test  conditions  they  employed.  Target  size  was  correlat- 
ed with  number  of  scan  .lines,  however,  which  may  have  compromised  the  re- 
sults to  some  extent. 

Levine,  Jauer  and  Kozlowski  (1969)  studied  identification  of  air- 
craft scale  models  viewed  against  a plain  background,  and  found  that  12 
scan  lines  wore  required  for  80%  identification  accuracy.  Further  in- 
creases to  20  scan  lines  resulted  in  no  further  improvement.  In  a later 
study,  Levine  et  al  (1970)  studied  observer  performance  with  a TV  display 
of  high  resolution  aerial  reconnaissance  photographs.  In  this  study  they 
varied  both  the  scan  lines  across  the  target,  and  the  signal-to-noise  ratio 
(SNR).  They  found  that  performance  improved  as  a direct  function  of  both  of 
these  variables.  More  important,  they  found  that  a composite  measure  called 
"resolvable  lines  over  target,"  which  Incorporated  both  SNR  and  number  of 
scan  lines,  was  a good  performance  predictor,  A composite  measure  of  this 
sort  is  more  meaningful  than  simply  a measure  of  scan  lines  across  the  tar- 
get, because  It  incorporates  other  physical  display  characteristics  that 
affect  image  quality. 

Hollanda  and  Karabedian  (1969)  present  results  from  a series  of 
experiments  investigating  performance  with  lins-acanncd  images  produced 
from  photographs  of  military  vehicles.  They  present  a series  of  three- 
dimensional  plots  of  identification  accuracy  as  a function  of  the  number 
of  line  scans  per  vehicle  and  the  signal-to-noise  ratio.  Graphs  arc  pre- 
sented for  two  kinds  of  vehicles  (tanks  or  support  vehicles)  and  two  kinds 
of  nois?  (Gauaqian  and  independent  of  the  signal  level;  or  Poisson  and  sig- 
nal-dependent). One  of  theca  graphs  is  reproduced  in  Figure  4-11.  Previous 
work  from  their  laboratory  had  shown  that  with  noiseless  imagery,  satisfac- 
tory performance  (80%  correct  Identification)  was  obtained  with  approximate- 
ly 20  ocr.na  par  vehicle.  However,  they  concluded  that  at  moderate  noise 
levels  (SNR  > 10) , at  least  30  to  40  ocan  lines  per  vehicla  are  required 
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tor  ii.it  inlactory  performance.  This  conclusion  holds  for  both  types  of  noise 
they  studied.  It  should  be  noted  that  the  type  of  task  required  of  the  sub- 
ject was  quite  difficult,  involving  matching  detailed  pictures  of  scale- 
model  vehicles  with  the  models  themselves. 


IA(l) 


Figure  4-11.  The  Response  Surface  for  Support  Vehicle.  The 
identification  accuracy  <XA)  is  shown  as  a function  of  the  number 
of  scans  per  vehicle  (NSPV)  and  the  eignal-to-noise  ratio 
(additive,  gausaian  noise) , (From  Hollands  and  Harnbedion,  1969.) 
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It  ahoulJ  be  clear  from  this  review  that  there  io  quite  a bit  of 
diversity  in  the  results  of  line-scan  experiments.  This  is  understandable 
when  it  is  remembered  that  experiments  from  each  laboratory  used  a partic- 
ular imaging  system  that  was  different,  to  some  extent,  from  that  used  in 
any  other  laboratory.  Thus,  even  if  all  procedural  details  of  the  experi- 
ments had  been  the  sane,  and  the  same  number  of  line3  had  been  placed  a- 
cross  the  same  targets,  there  would  have  been  differences  in  quality  of  the 
Images  produced.  In  addition  to  the  physical  differences  between  imaging 
systems,  it  must  also  be  remembered  that  the  line  number  criterion  will 
vary  as  a function  of  such  paraoctera  as  the  level  of  discrimination  re- 
quired, the  type  of  target,  the  type  of  mission,  the  level  of  briefing,  the 
type  of  target  acquisition  task,  and  so  on.  So  at  beat  thcoe  experiments 
can  be  used  to  provide  general  guidelines.  As  a summary  recommendation, 

Self  (1971)  suggests  that  15-20  scan  lines  across  tho  target  are  necessary 
for  identifying  unbriefed  targets.  If  the  system  is  moderately  noisy,  this 
estimate  may  go  to  30  or  more  lines.  A recent  (1972)  working  paper  from 
the  Target  Acquisition  Working  Group  presented  a oumsaary  of  estimated  line 
numbers  for  three  different  mission  conditions  and  three  levels  of  target 
discrimination.  This  summary  is  presented  in  Table  4-III.  Again,  it  should 
be  cautioned  that  these  numbers  are  saeent  to  be  guidelines  (in  fact,  the  re- 
lationships between  the  numbers  nay  bo  s»oro  informative  than  their  absolute 
values.)  This  is  because  the  raster  line  number  in  itself  nays  little  about 
the  true  "resolution"  of  the  eyaten  — meaning  its  ability  to  convey  informa- 
tion about  the  objects  it  views.  For  a system  with  especially  good  or  bad 
"resolution,"  these  numbers  might  be  considerably  in  error. 

TABLE  4-III 


Estimated  Inquired  Humber  of  Scan  Lines  Acroso  Tergat  cu  a 
Function  of  Mission  end  Level  of  Discrimination 
(from  TAWG  Working  Paper,  9 August  1972) 


Condition 

Required  Nuc&cr  of 

Seen  Linas 

De- 

tection 

Recog- 

nition 

Identi- 

fication 

l»  Accurate  aiealon  briefing 
Target  location  known 
Ho  friendlies  in  area 

4 

s 

e 

Few  clutter  objects 
Accurate  aircraft  HAV 
eyatanfl 

2,  Accurate  mission  briefing 
Target  location  not  precisely 

6 

10 

16 

known 

Clutter  ob)ecta  present 

3.  Ror.onnaieasncs/survelllence 
Friendlies  in  arcs 
Target  location  not  precisely 

6 

15 

20 

known 

Ciuttssr  objects  present 

* 
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Once  an  ectlmate  of  required  ecan  lines  has  been  obtained,  the 
formulas  and  figures  in  Section  4. 2.1  may  be  used  to  determine  total  ras.ur 
line  number  for  variouo  FOV's,  slant  ranges,  and  target  cites.  Although 
these  figures  were  previously  discussed  in  tanas  of  Johnson's  resolution 
line  criteria,  they  arc  equally  applicable  to  the  calculation  of  raster 
line  number. 

It  is  honed  that  future  work  in  this  area  will  proceed  along  the 
lines  of  those  studies  which  investigated  scan  line  number  in  conjunction 
with  one  or  more  other  variables  (e.g.,  target  angular  also,  aignel-to- 
noise  ratio).  Multi-variable  studies  of  this  type  are  helpful  baceuco 
they  provide  designers  with  information  or.  the  tradeoffs  involved.  Thin 
section  lias  provided  some  representative  dota  of  this  type;  it  is  hoped  flmt 
much  more  will  become  available  in  the  future. 

Raof.er  Line  Density  and  Sharpness 

The  studies  reviewed  above  were  concerned  with  how  the  number  of 
raster  lines  across  the  target  affected  perception  of  tha  target.  The 
desired  goal  of  this  research  io,  of  course,  to  bo  ebla  to  opacify  the  re- 
quired total  raster  lino  number  of  tha  system,  once  other  poraststar#  are 
determined  (e.g.,  FOV,  required  slant  range,  target  sise).  It  was  pointed 
out  that  equations  (4.1)  and  (4.2)  vm  be  used  for  that  purpose. 

Some  researchers,  rather  than  analyzing  the  requirewento  for  o 
particular  target,  have  varied  tha  total  raster  lino  number  and  studied 
performance  on  some  task.  One  of  the  most  comprehensivo  of  such  studies 
was  performed  by  Humes  and  Bauercchmidt  (1968).  They  found  Chet  tergot 
recognition  performance  while  observing  a moving  scene  varied  directly 
with  the  system  line  number.  When  the  camera  was  pointed  in  a forward  and 
downward  direction,  the  percent  of  correct  recognitions  ond  recognition  slant 
ranges  Increased  as  the  line  number  increaeed  from  729  to  1029  linos. 

The  improvement  with  the  higher  line  number  was  especially  great  at  longer 
slant  ranges,  and  with  smaller  targets.  It  is  not  known  whether  further 
improvement  would  havo  .reunited  from  a otill  greater  lino  density. 

As  a result  of  a number  oi  considerations,  Carel  (1965b)  hss  rc» 
commended  the  use  of  a 1000-line  raater  in  airborne  displays.  He  states 
that  this  io  a reasonable  compromise  between  vast  is  currently  swat; Able 
ond  what  io  really  Reeded.  Semple  ot  al  (1971)  state  that  Carol's  roccts- 
wandatior.  would:  "...help  to  compensate  for  imago  degradation  due  eo  ths 
multitude  of  parameters  affecting  resolution.  Assuming  similar  roster  slfsa 
and  80  blanked  lines  (for  retracing)  thia  figure  amounts  to  about  115  lines 
per  inch  or  almost  twice  the  number  of  lines  found  in  tha  average  1967  dis- 
play. On  the  assumption  that  the  eye's  resolving  power  is  llsited  to  about 
one  minute  of  arc.  Carol's  display  recoraendation  would  approach  the  limits 
of  the  eye.  One  minute  of  arc  is  equivalent 'to  120  linss/'inch  (47/cm) 
viewed  ot  28  inches  (71cm) . 

Other  reviewers,  however,  (e.g.,  Ketchel  ond  Jennoy,  1968)  do  not 
agree  that  such  a high  line  number  should  be  rocossnended . They  argue  that 
further  research  on  the  relationship  between  line  number  and  human  per- 
formance is  needed  before  such  a rccoEoaendation  should  bo  cad®. 


Oluurly,  It  La  not  desirable  to  provide  greater  raster  Line  densi- 
ty than  Is  really  needed.  If  the  eye  cannot  use  nil  the  information  that 
la  presented,  thou  the  design  is  wasteful,  having  squandered  bandwidth, 
power,  etc.  Furthermore,  sometimes  providing  more  raster  line  density  can 
actually  rea  ilt  In  a decrease  in  observer  performance.  For  example,  If 
the  line  number  Is  raised  by  Increasing  cite  bandwidth,  it  must  be  remembered 
that  noise  Increases  as  the  square  root  of  bandwidth.  If  the  SNR  is 
fairly  low  to  begin  with,  the  further  decrease  in  SNR  may  offset  any  poten- 
tial increaau  due  to  the  greater  number  of  scan  lines  (cf.  Biberman,  1973). 
On  the  other  hand,  If  bandwidth  is  held  constant  then  the  horizontal  re- 
solution will  drop,  which  again  may  result  in  an  overall  decrease  in  per- 
formance. 


The  sharpness  or  clarity  of  the  individual  raster  line  can  have 
a marked  effect  on  the  visibility  of  the  picture  presented.  Contrary  to 
what  Is  believed  by  the  layman,  a sharp,  well-focused  scan  line  does  not 
make  for  a sharp,  clear  picture,  Biberman  (1972)  has  taken  considerable 
effort  to  stress  this  point,  and  notes  that  even  today  many  designers 
seem  unconcerned  with  the  issue  of  raster  line  visibility.  He  presents 
pictures  of  line-Gcanned  images  in  which  ho  demonstrates  that  by  defocus- 
ing  a sharp  imago  the  picture  becomes  moro  readable.  This  happens  because 
the  high-frequency  raster  becomes  blurry  faster  than  the  lower-frequency 
detail  in  the  picture.  He  has  these  comments  about  raster  line  visibility: 
"As  the  new  displays  come  into  the  development  cycle  it  is  most  important 
that  the  lina  structure  be  minimized  in  order  to  maximize  the  usefulness 
of  the  new  displays  to  the  human  viewer. . .Well-designed  displays  should 
never  have  a raster  pattern  that  is  visible  from  a normal  viewing  distance. 
The  displuy a wo  get  will  continue  to  be  poor  as  long  as  we  don't  under- 
stand those  facts  and  are  willing  to  buy  television  sets  that  mutilate 
imagery  with  aharp  black  and  white  lines.  One  muat  bo  sure  that  the  set 
has  fuzzy  lines  that  are  almost  invisible  but  a sharp  picture,  NOT  vice 
versa." 


Thus,  the  information  that  is  presented  along  a raster  line,  end 
across  successive  lines,  must  not  be  degraded  by  the  presence  of  high-fre- 
quency interference  produced  by  the  lines  themselves.  If  the  lines  are 
clearly  vinible,  the  observer  mu3t  back  up  ir.  order  to  get  as  much  informa- 
tion from  the  display  as  he  can.  But  if  the  lines  ware  less  visible,  he 
could  then  move  closer  to  the  display,  and  see  more  of  the  detail  that  woo 
really  there  all  along,  but  was  being  masked. 

That  observers  do  in  fact  behave  this  way  vmo  confirmed  by 
Thompson  (1957),  who  studied  how  close  to  a display  people  prefer  to  sit, 
when  roster  structure  is  present  in  varying  degrees..  Subjects  were  asked 
to  view  a static  image  at  a close  distance,  and  then  to  move  back  until 
they  felt  comfortable  viewing  the  picture.  When  viewing  a conventional 
raster  diopluv  subjects  chose  a distance  at  which  each  raster  line  subtend- 
ed approximately  1 minute  of  arc  at  the  eye.  When  the  raster  structure  was 
then  made  less  visible,  subjects  out  substantially  closer  to  the  display. 
This  study  is  discussed  further  in  the  section  on  opot  wobble  (Section 
4,2.17). 
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4.2.  4 


Display  Slzo/Vlewlnr,  Dlul ain't! 

Tli  1 h section  presents  experimental  results  anti  recommendations 
concerning  two  combined  factors:  size  of  tlie  display,  anti  the  distance 

at  which  it  la  viewed.  Those  two  variables  should  be  cona I tiered  together 
since  they  combine  to  determine  the  angular  size  of  tho  display  as  seen  by 
the  observer. 

It  should  be  noted  that  this  discussion  concerns  only  the  angular 
size  of  the  display  — not  that  of  the  target.  The  effects  of  target  size 
on  acquisition  performance  have  been  covered  in  Chapter  3. 

Display  slzc/viowing  distance  is  a topic  that  is  frequently  dis- 
cussed but  less  often  investigated  experimentally.  Thin  is  perhaps  because 
the  considerations  are  more  logical  than  empirical,  and  derive  from  a few 
basic  facts  about  vision.  Of  the  experimental  results  available,  most 
show  display  angular  size  to  bo  a relatively  unimportant  variable,  over  the 
range  of  values  studied.  This  is  true,  provided  tho  resolution  of  the  sen- 
sor/display syKtom  is  not  wasted,  due  to  the  resolution  of  the  eye.  In 
those  studies  whore  no  performance  differences  wore  found  as  a function  of 
display  angular  size,  tho  reasons  wore  probably  one  of  tho  following; 

(a)  the  detail  that  was  present  in  the  display  could  bo  discriminated  at 
the  smallest  visual  angles  Gtudicd;  or  (b)  the  extra  detail  available  at 
larger  visual  angles  wao  not  critical  for  performing  tho  task;  or  (c)  as 
visual  angle  increased  and  more  detail  became  available,  this  detail  was 
masked  by  the  runter  structure,  which  also  became  more  visible. 

'* 

For  example,  Parkeo  (1972)  reviews  several  studies  which  showed 
that,  although  a slight  drop  in  performance  occurred  aa  display  visual 
angle  decreased,  the  effocta  wore  not  significant.  Parkcs  conducted  a 
study  in  which  viewing  distance  changed  while  display  size  stayed  the 
same.  Subjects  were  required  to  locate  targets  on  black  and  white  aerial 
photographs;  no  raster  lines  were  present.  As  viewing  angle  decreased 
from  21°  X 15-3/4°  to  9°  X 7°,  there  was  a slight  but  nonsignificant  drop 
in  performance. 

An  experiment  by  Swinncy  (1968)  employed  3",  6",  and  9"  (7.6,  15 
and  23  cm)  diaplnys  viewed  at  24"  (61  cm).  Detection  of  personnel  targets 
was  not  affected  by  variations  in  angular  size  of  the  display.  However, 
vehicular  targets  were  detected  somewhat  less  frequently  at  the  smallest 
angular  size  than  at  other  sizes, 

Bruno  ot  al  (1970)  found  essentially  no  differences  between  3 dis- 
play sizes  and  5 display  angular  heights  ranging  from  6°  to  18°,  where  the 
task  involved  identifying  televioion-displayed  targets  whose  location  was 
known.  In  a later  study,  Bruna  et  al  (1972)  measured  target  detection  per- 
formance as  wall  as  identification  performance,  and  again  found  that  the 
display  visual  angles  studied  had  no  effect  on  any  of  thoir  performance 
measures. 


A nurnbor  of  additional  experiments  with  similar  results  could  be 
cited.  However,  the  above  summary  should  make  it  clear  that,  in  general. 
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i I'KiM  relic  t*  !•  Ii.ivi-  louiui  display  .aigular  size  to  be  of  relatively  little  im- 
innt.iiHH'  to  target  acquisition  performance.  However,  Borne  reviewers  bu- 
lieve  that  considerable  thought  should  go  Into  the  choice  of  display  size 
and  viewing  distance,  and  that  these  variables  may  have  been  neglected  in 
the  past.  Thu  following  paragraphs  discuss  some  of  the  factors  that  should 
lie  considered. 


The  choice  of  display  ulze/vlewlng  distance  should  be  based  on 
such  considerations  as  the  resolution  of  the  eye,  the  smallest  amount  of 
detail  that  is  present  in  the  display,  the  visibility  of  the  raster  line 
structure,  and  physical  space  constraints.  Space  constraints  are  often  a 
serious  problem,  and  frequently  result  in  a display  that  la  either  too 
small  or  too  far  away  from  the  observer’s  eye  to  be  adequate  for  the  task 
for  which  it  was  designed.  Biberman  ot  al  (1971)  state  that  "more  of  the 
early  airborne  systems  were  deficient  because  of  inadequate  display  size 
than  for  almoGt  any  other  reason. ... .There  are  some  fine  systems  under  de- 
sign or  in  production  that  overmatch  the  human  eye  by  factors  of  4 to  10. 
That  is,  the  detail  displayed  by  the  sensor  is  of  good  quality,  but  a mag- 
nifying glass  of  4 to  19  power  is  required  to  enable  an  airborne  observer 
to  sec  it."  Thus,  since  space  limitations  cannot  be  ignored,  it  is  impor- 
tant to  consider  these  limitations  when  determining  wlmt  kind  of  resolution 
the  system  will  have.  In  this  fashion,  systems  will  not  be  designed  that 
present  far  more  detail  than  the  observer  can  use. 

As  discussed  in  the  section  on  raster  line  effects,  when  the  high- 
frequency  raster  pattern  is  visible  to  the  observer,  much  of  the  informa- 
tion present  in  the  display  can  be  effectively  masked.  Thus  it  is  Impor- 
tant that  the  display  angular  size  not  be  so  large  as  to  make  the  scan 
lines  easily  visible.  One  minute  of  arc  is  commonly  accepted  as  the  reso- 
lution of  the  eye  (although  it  can  be  much  less),  and  the  results  of 
Thompson's  (1957)  experiment  showed  that  subjects  preferred  to  sit  where 
tile  raster  lines  subtended  approximately  1 minute  of  arc.  Thus,  although 
some  Btudies  (e.g.,  Erickson  and  Hemingw-y,  1970a)  have  shown  that  some 
people  can  see  raster  lines  when  they  ..re  smaller  than  this,  the  1 minute 
figure  seems  a good  guideline  for  maximum  raster  line  size.  Figure  4-12 
presents  the  maximum  permissible  display  height  as  a function  of  the  num- 
but  of  active  scan  lines,  for  a variety  of  viewing  distances.  It  should 
bo  stressed  that  this  figure  presents  guidelines  baaed  on  the  assumption 
that  n scan  line  subtense  of  1 minute  is  the  point  at  which  the  lines  be- 
gin to  interfere  with  perception.  If  systems  (using  spot  wobble  or  some 
other  technique)  are  designed  with  less  raster  line  visibility,  these  limi- 
tations can  be  relaxed. 

The  effects  of  vibration  on  performance  should  also  be  considered 
by  the  designer.  Biberman  (1973)  has  pointed  out  the  importance  of  this 
factor.  In  high-performance  aircraft,  especially  when  flying  at  low  alti- 
tudes, vibration  and  buffeting  can  be  substantial-  The  display  and  the 
head  of  the  observer  will  seldom  if  ever  vibrate  in  unison,  so  there  is  an 
almost  continuous  relative  motion  .between  the  two.  The  resulting  angular 
displacements  are  greatest  at  short  viewing  distances.  Thus,  whenever  it 
is  possible  to  do  so,  increasing  the  viewing  distance  and  the  display  size, 
while  keeping  the  display  angular  size  constant,  will  reduce  the  harmful 
effects  of  vibration.  (See  Chapter  five  for  n discussion  of  vibration 
offoctu.) 
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Figure  4-12.  Maximum  Display  Height  as  a Function  of  Raster  Line 
Density,  for  Several  Viewing  Distances.  Assumes  raster  lines 
should  subtend  no  more  than  1 minute  of  arc  at  the  eye. 


Although  it  is  not  appropriate  in  this  chapter  to  provide,  a lengthy 
discussion  of  the  effects  of  target  size,  the  work  of  researchers  such  as 
Steedman  and  Baker  (1960)  should  be  noted.  The  results  of  several  studies 
exploring  search  performance  as  a function  of  target  also  have  shown  that 
both  search  speed  and  accuracy  of  target  recognition  ara  relatively  poor 
when  the  target  size  is  less  than  approximately  12  - 20  minutes  of  arc. 

This  finding  is  valid  across  a range  of  resolution  valuao.  Here  then  is 
another  factor  to  be  considered  when  determining  display  angular  size. 

Some  sample  calculations  should  be  made  of  the  displayed  sizes  of  various 
targets  when  seen  by  the  sensor  at  representative  slant  ranges.  If  dis- 
played angular  sizes  are  below  12  - 20  minutes  of  arc  and  hence  are  too 
small  for  rapid  target  detection,  serious  thought  will  have  to  be  given 
to  increasing  display  size  or  decreasing  the  sensor  field  of  view. 

Another  consideration  when  determining  display  angular  size  is 
the  optimal  search  efficiency  that  can  be  obtainod.  Enoch  (1960)  has  in- 
vestigated search  efficiency  on  displays  ranging  from  3°  to  51° 13 * , when 
subjects  v?ere  searching  for  an  abstract  target  (a  Landolt  C).  He  found 
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that  search  efficiency  dropped  when  diupluy  angular*  size  was  le^a  than  9°, 
because  a large  percentage  of  the  observer's  eye  fixations  fell  outside 
the  display  area.  Furthermore,  at  display  angles  greater  than  9°  effi- 
ciency also  decreased,  because  observers  tended  to  concentrate  their  fixa- 
tions in  the  center  of  the  display,  lie  therefore  recommended  9°  as  the 
optimal  display  angle  for  highest  search  eificicncy.  In  Figure  4-12, 
lilze/viuwing  distance  combinations  that  result  jn/a  9°  display  angular  size 
may  be  found  at  a raster  line  number  of  540. 

4.2.5  Display  Luminance  and  Ambient  Illumination 

There  are  several  factors  that  need  to  be  considered  when  select- 
ing optimal  picture  luminance  (brightness)  levels.  One  of  the  most  impor- 
tant is  a consideration* of  the  other  visual  tasks  the  observer  is  required 
to  perform  in  addition  to  monitoring  the  display.  It  is  important  that 
the  display  luminance,  to  whatever  extent  practical,  be  consistent 'with 
the  luminance  levels  encountered  in  theoe  other  visual  tasks.  If  a mission 
is  being  flown  at  night  or  at  dusk,  and  the  observer  must  remain  in  a rela- 
tively dark-adapted  state,  the  average  display  luminance  should  be  kept  at 
a relatively  l&w  level.  It  should  not,  however,  fall  below  the  range  of 
sensitivity  of  the  eye's  cone  receptotu.  As  discussed  in  Chapter  2,  visual 
acuity  is  greatest  when  these  receptor*  are  operating.  Therefore,  display 
luminances  .below  approximately  1.0  footlnmbert  (fL)  or  3,426  candela/ro2 
(cd/mlj  should  not  be  permitted  when  perception  .of  fine  detail  1b  important 
(cf.  Table  2-1) c 

4» 

Conversely,  if  a daylight  mission  is  being  flown,  in  which  the 
cockpit  illumination  i&  high  and  the  observer  is  required  to  look  out  the 
window  at  bright  sky  and, terrain,  then  display  brightness  must  be  consider- 
ably higher.  Otherwiae,  valuable  timo  might® be  lost  while  the  observer 
adapts  to  the  luminance  level  of  Che  display. 

In  general,  if  dark-adaptation  is  not  a problem,  relatively  high 
display  luminance  levels  are  advisable.  ■ As  discussed  in  Chapter  2,  labora- 
tory experiments  have  Bhown  that  ao  brightness  increases,  smaller  objects 
and  objects  of  lower  contrast  can  bo  detected  with  the  same  level  of  con- 
fidence. Identification  studies  have  confirmed  this  fact.  For  example, 
the  legibility  of  letters  displayed  on  TV  has  been  shown  to  increase  as 
display  luminance,  increases  from  1 to  40  fL  (3.426  to  137  cd/m2)  with  the 
greatest  increase  occurring  between  1 and  20  fL  (3.426  to  68.52  cd/m2) 
(Shurtleff,  1967).  A motion  picture  film  simulation  study  by  Mardon  (1969) 
(reported  by  Parkes,  1972)  showed  that  target  detection  ranges  increased  as 
display  luminance  increased  from  0.19  to  4.15  £L  (0.65  to  14.2  m2). 

Visual  performance  during  daylight  operations  can  be  degraded 
seriously  if  stray  light  (especially  direct  or  reflected  raunlight)  falls 
onto  the  display  face.  Ambient  illumination  incident  on  the  display  dras- 
tically reduces  the  obtainable  display  contrast  ratio  (see  Section  4.2.6). 
Bruns  (1971)  states  that  moat  standard  CRT  phosphors  reflect  about  70%  of 
the  light  striking  the  display  fnco.  Thus,  In  the  case  of  bright  skylight, 
approximately  2000  f00tcan4U.es  (21,52.8m  cd)  foiling  on  the  display,  if 


maximum  ill  tip  lay  brightness  were  500  II,  (171Jm  ed) , tlic  maximum  obtainable 
display  contract  ratio  would  be  approximately  1.4/1  (14004-500/1400) . The 
uhl*  of  lilterH  in  front  of  tho  display  can  Incrcaae  thin  ratio,  but  they 
may  introduce  otlicr  problema.  For  example,  overall  display  luminance  will 
bt  reduced,  and  reflections  may  be  picked  up  from  objects  in  the  cockpit. 

\ discussion  of  some  of  the  available  filters  is  provided  by  Bruns  (1971) 
aiui  Bruns  and  Miller  (1969).  For  a good  discussion  of  the  pros  and  cons 
of  several  types  of  filters,  along  with  other  techniques  for  maintaining 
sufficient  display  contrast  in  the  presence  of  high  ambient  Illumination, 
an  excellent  report  is  that  of  Ketchel  and  Jenney  (1968).  A variety  of 
hlgh-contrast  CRT's  have  also  been  developed,  which  combine  filters  with 
special  phosphors,  in  order  to  permit  their  use  even  under  conditions  of 
direct  sunlight  ut  high  altitudes,  10,000  to  15,000  'footcandles  (107,640 
to  161,460m  cd) . For  an  experimental  evaluation  of  some  of  these  CRT’s, 
see  Knowles  and  Wulfek  (1972). 

Fozard  (1962)  has  discussed  the  consequences  of  ambient  light, 
falling  on  the  display.  He  noted  that  when  light  falls  on  the  picture 
tho  typiccl  response  of  the  observer  is  to. adjust  gamma  to  a value  greater 
than  one,  so  that  displayed  contrast  is  greater  than  the  contrast  in  the 
original  scene,  Whereas  some  adjustment  of  gattzsa  would  be  necessary  to 
bring  target/background  contrast  up  to  what  it  would  have  been  without  the 
ambient  illumination,  Fozard  found  that  this  adjustment  was  generally  ex- 
cessive. The  result  was  that  ohades  of  gray  in  the  total  image  were  loot, 
hence  detail  rendition  decreased.  The  boot  ways  to  counter  this  problem 
jould  eeera  to  be  to  provide  shading  and  filters  wherever  poBBible  to  pre- 
vent ambient  light  from  reaching  the  display,  and  to  instruct  the  opera- 
tor ao  to  the  effects  of  setting  gamma  too  high. 

Another  problem  that  must  be  discussed  in  connection  with  ombient 
Illumination  is  the  problem  of  light  entering  the  eye  from  the  area  sur- 
rounding the  display  (commonly  called  glare).  Glare,  which  is  discuBBcd  in 
Chapter  2 (Section  2,4.4),  may  be  thought  of  as  producing  a "veiling  lumi- 
nance", through  which  the  observer  must  sec.  Glare  can  be  reduced  by  pro- 
viding a hood  for  the  observer,  or  by  similarly  reducing  tho  amount  of 
outside  light  striking  the  retina.  One  approach  suggested  by  Fozard  (1962) 
is,  when  the  observer  has  no  outoido  visual  tasks  to  perform,  to  lino  the 
aircraft  canopy  with  polarized  material  and  have  the  observer  wear  cross- 
polarized  glassed. 

As  Farkea  (1972)  points  out,  it  is  typically  recommended  that  dis- 
play luminance  be  sufficiently  high  that  the  luminance  of  the  surroundings 
is  at  least  10%  less  than  that  of  the  display.  With  such  an  arrangement  a 
display  contrast  ratio  of  8:1  would  be  sufficient  to  discriminate  seven 
shades  of  gray  for  an  image  subtending  8 minutes  of  arc  (Slocum  et  ul, 

1967).  If,  however,  surround  luminance  is  substantially  higher  than  the 
display  (by  an  order  of  magnitude  or  more),  then  a much  greater  display 
contrast  ratio  (perhaps  30:1)  is  required  for  the  same  discrimination 
level.  A study  by  Clare  (1970)  ohowed  that  target  acquisition  via  TV 
was  not  affected  when  surround/dieplay  luminance  ratios  were  varied  from 
15/48  mL  to  1.5/48  mL  to  1.5/4. 5 ml,  (47.7  to  152.8  cd/m2  to  4.77/152,8 
cd/ra2  to  4.77/14.3  cd/m2)  but  that  n ratio  of  15/4.5  ml,  (47.7  to  14.3  cd/m2) 
was  too  high  for  data  to  be  obtained. 
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In  many  actuations  it  iu  uimply  not  possible  to  avoid  using  a dis- 
play in  which  the  background  luminance  is  conaidorably  less  than  that  of 
the  urea  surrounding  the  display.  In  such  cases , it  is  desirable  to  know 
to  wiiat  extent  performance  will  be  affected.  Ireland  ot  al  (1967)  have  con- 
ducted a careful  study  of  visual  discrimination  (uaing  abstract  stimuli)  . 
for  a variety  of  surround-to-background  luminanco  ratios  ranging  from  0:1 
to  100:1.  The  results  of  their  study  are  of  practical  benefit  to  designers 
who  wish  to  calculate  threshold  contrast  levels,  and  who  wish  to  know  the 
extent  to  which  contrast  should  be  increased  when  surround  brightness  is 
greater  than  the  brightness  of  Che  background  against  which  the  target  ia 
viewed.  They  found  that  the  threshold  contrast  for  detecting  the  gap  in 
a ring  target  increased  as  the  ourround-to-background  ratio  increased,  when 
the  surround  was  brighter  than  the  background.  When  the  surround  was  dark- 
er than  the  background,  the  thresholds  did  not  vary  significantly.  They 
present  equations  for  applying  these  data  to  conditions  of  interest,  and 
correction  factors  for  extending  tha  results  to  real-world  aituations. 

These  equations  and  corrections  are  presented  below.  They  are  based  on 
the  assumption  that  the  amallcGt  target  detail  to  be  porccived  i3  approxi- 
mately 2 minutes  of  arc,  and  that  the  target  ia  at  least  2,5®  euay  from 
the  bright  surround. 

If  it  is  assumed  that  a surround  which  io  brighter  then  the  dis- 
played scene  background  is  unavoidable,  and  if  some  estimate  of  these 
levels  can  be  made,  the  following  formula  will  estimate  the  increase  i.. 
required  targot/background  contrast  over  that  required  when  surround  lumi- 
nance ia  equal  to  background  luminance: 

C"  - Crcf  (0.95  + 0.05  {§>,  (4. A) 

where , 

C"  ■ Conservative  estimate  of  threshold  contrast  for  a given 
ratio,  LS/LB  > 1 

Crcf  ■ Threshold  contrast  when  LS/LB  ■ 1 

LS  ® Luminance  of  the  area  surrounding  the  dig.  lav 

LB  » Luminance  of  the  background  againot  which  a tercet 

is  seen. 

If  the  value  of  io  not  known  or  aooumad,  it  may  be  estimated 
from  the  following  equation: 

log  Craf  ■ ' -0.368  - 0.253(log  LB),  (4.5) 

where  all  terms  are  as  defined  in  equation  (4.6).  Equation  (4.5)  applies 
to  the  calculation  of  the  target/background  contrast  needed  for  a .50  proba- 
bility of  discrimination,  when  the  target  ia  brighter  than  ite  background, 
and  subtends  2 minuteo  of  arc  at  the  eye.  Ireland  et  al  otato  that  it  Is 
valid  for  values  of  LB  from  0.1. mL  to  200  mL  (0.318  to  636.6  cd/iir),  and 
that  extrapolation  beyond  thie  value  will  underestimate  Cvef. 
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REQUIRiO  CONTRAST 


To  make  those  equations  of  greater  practical  value,  two  correc- 
tion factors  are  recommended . First,  to  obtain  the  contrast  required  for 
.99  probability  of  discrimination,  Ireland  et  al  calculate  that  equation 
(4.4)  should  be  multiplied  by  a factor  of  4.2.  Second,  to  extend  the  re- 
sults from  a laboratory  setting  to  a more  realistic  environment,  a mini- 
mum multiplication  factor  of  6.25  is  suggested. 

Figure  4-13  presents  some  representative  results  of  the  above 
series  of  calculations.  The  figure  presents  the  estimated  contrast  thresh- 
olds required  for  0.99  probability  of  detection  in  a practical  visual  task 
involving  critical  details  no  smaller  than  2 minutes  of  arc.  These  thresh- 
olds are  presented  as  a function  of  background  luminance  (LB),  for  values 
of  LS/LB  ranging  from  1 to  100. 


Figure  4-13.  Estimated  Contrast  Required  for  Detection  Probability  of 
.99  in  a Practical  Visual  Tank  Involving  No  Smaller  Than  2 Minutes 
of  Arc.  Presented  for  various  ratios  of  surround  luminance  (LS) 
to  background  luminance  <LD) . See  Equations  (4.4)  and  (4.5). 


4-33 


As  for  recommending  maximum  display  Usainancas  that  should  bo  pro- 
vided in  airborna  visual  displays,  Katchsl  and  Jcnit<ty  (I960)  stato  that 
sufficient  research  has  not  yet  been  done  to  permit  fins  recommendations 
to  be  made  for  different  oituotiono.  They  do,  hovwer,  state  their  belief 
that  500  fL  (1591.5  cd/tn2)  should  bo  sufficient  faf  ordinary  head-down 
display  applications.  If  this  prove*  inadequate  in  c particular  cockpit 
environment,  they  argue  againot  the  "brute  force"  approach  of  providing  an 
even  greater  luminance  level,  which  iu  cosily  in  terras  of  voltage  require- 
ments, reliability,  and  other  factors.  Rather  than  maintaining  sufficient 
contrast  by  Increasing  output  luminance,  they  argue  that  efforts  should  be 
directed  toward  developing  more  efficient  contrast  enhancement  techniques. 
They  provide  a listing  and  discussion  of  ueveral  such  techniques  which  hold 
promise  and  which  clearly  should  be  evaluated  in  an  extensive  research 
program  of  between-display  comparisons . 

Finally,  it  should  b«  addon  that  iaont  of  Che  eas&XX  amount  of  re- 
search that  has  bee*  dons  has  beats  concerned  with  dioplsy  legibility  or 
with  the  discrimination  of  abstract  targets.  Effort  needs  to  ba  extended 
in  the  .direction  of  realistic  target  acquisition;  problems. 

<..2.6  Display  Contrast  Ratio,  Gama,  Shades  of  Cray 

These  three  topics  ,*rc  combined  in  the  present  report  because  they 
are  interrelated  and  difficult  to  separata,  For  example,  the  cae-.  .-f  a 
system,  which  evsy  be  loosely  defined  an  the  dope  of  the  function  ‘sting 
log  input  luminance  to  log  output  luminance,  can  he  considered  as  -,e  con- 
trast transfer  function,  as  it  determines  whether  the  display  contrast 
srat<o  is  greats?  than  (gaesaa  > 1),  equal  to  (g&n&s  » 1),  or  less  than  (gamma 
< 1)  the  input  contrast  ratio.  The  studies  reported  in  this  oection  will, 
for  convenience,  he  grouped  according  to  the  authors*  terminology.  But, 
fcecauaa  of  the  way  these  topics  are  interconnected,  soon  overlap  is  inevi- 
table. For  what  one  author  might  describe  as  a change  in  gamma, 

another  author  could  call  a variation  in  the  m ts&at  .of  shade, e of  grey. 

Display  contrast  ratio  io  not  identical  to  serget/background  con- 
trAvt  m defined  in  Chapter  2 (Sactiou  2.3<.%),  Rather,  it  io  defined  ae 
the  ratio  of  the  brightest  to  ths  darksat  portion  of  the  displayed  scene. 
V&ry  little  research  has  dealt  with  display  contrast  ratio;  a otudy  at 
Autosioclce  <Kuao«  end  Esucrochwidt , 1968)  is  chs  tsoot  opcrstionelly  rele- 
vant ftMpsrltvsnt  on  this  topic,  Under  the  cojsditiono  of  their  experiment, 
which  involved  switching  for  targets  in  a dynaaic  scene,  they  found  the. 
percentage  of  targets  correctly  recognised  to  b»  greatest  at  a "medium" 
display  contract  ratio  (60),  compared  to  ratio#  of  1.25  er.d  COO.  Hcir- 
fiald  (1970)  alee  quotes  a\  Runaicn  report  which  states*  that  a TV  pic- 
ture wish  a coBtr&sfc  of  30  stay  be  con&idered  "good1';  a con  trees  of  100  is 
"excellent" ; and  above  100  is  of  no  valus  in  improving  image  quality. 

The  factor  of  attbiont  illumination  must  also  be  token  into  account 
when  opacifying  the  mlniwnn  acceptable  ccntraat  ratio,  't  is  recommended 
that  die  survoued  luminanca  be  at  least  10%  below  that  of  the  display.  If 
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thiii  condition  cannot  be  net  (which  is  often  the  case  in  a cockpit  environ- 
ment), a greater  display  contrast  ratio  would  be  required  to  discriminate 
a given  number  of  shades  of  gray.  For  a discussion  of  contrast  require- 
ments as  u function  of  ambient  illumination,  flee  Section  A, 2. 5. 

Only  a few  studies  have  been  directly  concerned  with  the  effects 
of  different  system  gammas  on  target  acquisition.  One  experiment  that  did 
investigate  this  variable  was  reported  by  Fowler,  Freltag,  Jones  end  King 
(19.'l),  Three,  values  of  gamma  were  employed:  0.55,  1,0,  and  2,2.  The 

effect  of  the  low  gamma  is  to  compress  the  bright  end  or  the  scale  of  scene 
luminances,  relative  to  the  seals  at  the  dark  end  of  the  continuum.  The 
effect  of  the  high  gamma  is  just  the  opposite.  The  result  is  that,  although 
an  increase  in  gamma  produces  an  increase  in  tciget/background  contrast,  the 
amount  of  contrast  change  depends  on  the  initial  contrast  level.  For  ex- 
ample, if  a target  is  brighter  than  its  background,  a change  in  gamma  re- 
sults in  a greater  contrast  change  for  high  contrast  targets  than  for  low 
contrast  targeto,  provided  the  dynamic  range  of  the  system  is  not  exceeded. 
The  result  of  the  Fowler  et  al  study  uao  that  higher  gamma  generally  re- 
sulted in  better  detection  and  recognition  performance.  This  result  car. 
be  attributed  to  the  effect  of  contrast?  when  contrast  was  held  constant, 
the  differences  between  the  gamma  levels  were  unclear.  A relatively  narrow 
range  of  target  and  background  luminances  was  explored  in  this  study,  and 
the  rcsulcs  must  be  considered  tentative. 

Another  experimental  otudy  of  gamma,  using  a photographic  rather 
than  television  display,  was  done  by  Blackwell  et  al  (1961).  Subjects  per- 
formed a target  detection  task  while  viewing  vertical  aerial  photographs 
of  a terrain  model.  Four  values  of  gamma  were  studied:  1.0,  1.8,  3.1,  and 
A.O.  As  gamma  increased,  so  did  the  target/bsckground  contrast  of  all  tar- 
gets displayed.  The  resulto  showed  that  target  detection  probability  in- 
creased substantially  ao  gamma  increased.  This  effect  was  most  pronounced 
when  the  detection  probability  for  a gewaa  of  1.0  was  relatively  low, 

When  this  probability  was  high,  tho  percentage  improvement  obviously  could 
not  have  been  great,  eince  performance  cannot  be  greater  than  1002.  There 
is  some  evidence  that,  if  detection  probability  is  very  high  when  gamma 
«■  1.0,  increasing  the  gamma  to  A.O  reculto  in  a slight  drop  in  performance. 

The  conclusion  to  bn  drawn  from  relatively  spares  evidence  is  that, 
in  the  absence,  of  firm  information  about  the  target  and  background  lumi- 
nances to  bn  encountered,  it  is  probably  best  to  otay  with  gamma  of  about 
1.0.  This  is  essentially  a compromise  between  contrast  and  dynamic  range. 

On  the  ocher  hand,  if  the  mission  involves  searching  a desert  region  for 
light-colored  targets,  then  it  may  make  sense  to  expand  differentially  the 
bright  end  of  the  scale  by  increasing  gamma  — even  though  dynamic  range 
ut  th8  low  end  ic  sacrificed , More  research  should  be  done  to  determine 
the  advisability  of  providing  the  observer  with  a gamma  control,  ea  well  ao 
to  study  a wider  range  of  gamma  values,  target'/background  conditions,  levels 
of  clutter,  and  so  ferth.  Such  research  could  be  fruitful,  especially  when 
considering  various  oansing  oyutems  (e.g.,  spectral  signature)  chat  often 
result  in  pictures  representing  gammas  substantially  different  from  1.0. 
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i'Iiu  number  ol  shades  of  gray  provided  by  the  system  1b  usually 
measured  electronically  rather  than  psychophyuically . One  gray  step  Is 
generally  del  t nod  an  a 3 db  Increment  in  »i|;nal  level  (ilairUeld,  1970); 

tills  corresponds  to  a ratio  of  (2),i:  1 between  adjacent  luminance  levels, 
ll.i l r f i e Id  (1970)  points  oat  that,  considering  the  range  of  luminances  to 
which  the  light-adapted  eye  can  respond,  the  theoretical  maximum  number  of 
shades  ot  gray  a system  should  provide  ia  about  14,  The  weight  of  experi- 
mental evidence,  however,  suggests  that  from  (seven  to  ten  shades  Is  suffi- 
cient. 


Slocum  et  al  (1967)  suggest  that  a minimum  of  seven  shades  should 
be  provided  when  a complex  scene  is  being  searched.  Johnston  (1968)  cor- 
roborates seven  as  a minimum  number,  in  a study  where  target  recognition  per- 
formance was  studied  as  a function  of  either  five,  seven,  or  nine  shades  of 
gray.  She  found  that  recognition  times  were  significantly  longer  (by 
approximately  50%)  with  five  shades  of  gray,  compared  to  seven  or  nine 
shades,  at  relatively  long  slant  ranges  (approximately  3.5  and  4.5  kilo- 
meters), although  the  difference  disappeared  at  shorter  ranges  (1.8  and  2.7 
kilometers).  Thus  at  comparatively  long  ranges,  where  the  apparent  target 
size  is  small  and  the  scene  complexity  is  high  because  of  the  amount  of 
ground  area  covered,  fewer  than  seven  shades  of  gray  is  undesirable. 

Kecchel  and  Jenney  (1968)  argue  that  approximately  10  shades  of 
gray  should  probably  be  provided  in  order  to  produce  sufficiently  realis- 
tic TV  images  for  optimal  performance.  They  point  out,  however,  that 
sufficient  research  has  not  yet  been  performed,  and  that  an  easy  answer 
is  not  forthcoming  because  of  possible  interaction  effects  between  shades 
of  gray  and  the  resolution  of  the  system.  In  part,  more  shades  of  gray 
are  required  in  order  to  compensate  for  resolution  limitations  in  some  pres- 
ent-day sensors.  They  suggest  that  with  sufficiently  high  resolution,  the 
required  number  of  gray  shades  may  be  reduced.  As  Bibcrman  (1973)  points 
out,  however,  both  "resolution"  and  "shades  of  gray"  are  related  to  the 
displayed  aignal-to-noise  ratio  as  a function  of  npatial  frequency;  he  re- 
fers to  both  concepts  as  "subjective"  manifestations  of  the  signal-to-noisc 
ratio.  Modern-day  thinking  on  the  subject  of  image  quality  relies  heavily 
on  the  concept  of  displayed  oignal-to-noise  ratio  (sec  Section  4.3)  as  a 
unifying  measure  which  ties  together  many  of  the  older  image  quality  param- 
eters . 


Supporting  evidence  for  the  use  of  not  more,  than  7-10  gray  levels 
comes  from  a photographic  study  by  Gavcn  ct  al  (1970).  Subjects  performed 
an  identification  task  while  viewing  pictures  that  were  encoded  with  from 
1 to  7 bits  of  luminance  (2  to  128  gray  levels).  Performance  increased 
rapidly  up  to  about  3 bito;  little  if  any  fur.'ner  improvement  was  observed 
from  3 to  7 bits. 

Two  studies  performed  by  Greening  and  Wyman  (1968  and  1969)  in- 
vestigated shades  of  gray  on  high-resolution  radar  imagery.  Radar  imagery 
was  produced  by  an  airborne  radar  ayotem  at  an  altitude  of  approximately 
10.5  kilometers.  The  stimulus  materials  were  positive  transparencies  of 
this  imagery;  the  subjects’  task  was  to  recognize  targets  such  33  bridges, 
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factories,  barracks,  etc.  The  imagery  wan  produced  by  employing  either  3, 

5,  or  11  ahadoa  of  gruy.  Figure  4-U  Illustrates  these  conditions.  As  is 
seen  by  these  transfer  curves,  another  way  of  describing  the  differences 
between  conditions  is  to  say  that  the  dynamic  range  of  the  scene  was  varied, 
with  different  levels  of  gamma  occurring  across  that  range.  The  results  of 
the  first  study  nhoved  that  target  acquisition  performance  (probability  of 
recognition  latency)  was  positively  related  to  ti,?.  shades  of  gray  in  radar 
imagery.  As  gray  shades  increased  from  3 to  5 to  li,  recognition  probabili- 
ty increased  from  .56  to  .67  to  .82,  and  latency  decreased  from  11.0  sec  to 
9.6  sec  to  8.6  sec.  Thus  the  amount  of  improvement  from  2 to  5 shades  io 
about  equal  to  the  improvement  from  5 to  11  shades;  therefore,  adding  a 
few  more  shades  probably  would  not  have  had  much  additional  effect.  This 
is  further  evidence  that  there  is  little  reason  to  incur  the  coots  of  pro- 
viding more  than  about  10  shades  of  gray. 


Figure  4-14.  Transfer  Curves  for  Three  Dynamic 
Ranges,  Representing  Either  3,  5,  or  11  Shades 
of  Gray  (adapted  from  Greening  and  Wyman,  1969) . 
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These  results  were  confirmed  by  Crooning  end  Wyman  (1969),  who 
compared  the  11  ohadco  of  gray  condition  with  the  3 shades  of  gray,  where 
the  latter  condition  was  cither  as  shown  in  figure  4-14,  or  shifted  to  the 
right  or  the  left  — thereby  enhancing  discrimination  of  either  "hard"  or 
"soft"  target*,  respectively.  The  results  showed  that  the  wide  dynamic 
range  condition  was  superior  to  the  narrow  range  condition,  despite  the 
fact  that  the  narrow  runge  window  could  be  shifted  oo  as  to  be  centered 
on  that  part  of  the  scale  where  a particular  target  waa  located.  On  21  of 
the  25  targets,  recognition  performance  with  11  shades  of  gray  was  as  good 
as  or  better  than  the  best  of  the  narrow  range  conditions  for  a particular 
target  class.  Thus,  for  radar  imagery,  under  the  conditions  of  these 
studies,  sacrificing  shades  of  gray  (dynamic  range)  for  a higher  gamma  whg 
not  justified. 

A. 2. 7 Signal  to  Noise  Ratio 

Many  studies  have  demonstrated  that  perceptual  performance  becomes 
degraded  as  the  signal-to-noiae  ratio  (SNR)  of  a system  decreases.  In  gener- 
al, the  results  from  a number  of  studies  have  ohown  that  performance  improves 
as  a function  of  SHR  up  to  some  point  (approximately  16-25  db),  beyond  which 
further  increases  in  SNR  are  of  little  or  no  importance.  This  review  will 
briefly  discuss  a few  of  those  studies  that  are  most  pertinent  to  the  pro- 
blems of  target  acquisition,  and  will  concentrate  on  thoae  that  indicate 
the  SNR  value  at  which  performance  seems  to  level  off. 

Signal-to-noioe  ratio  is  commonly  defined  as  the  ratio  of  the 
peak-to-peak  oignal  amplitude  to  the  root-mcan-square  (rms)  noise.  Peak- 
to-penk  signal  amplitude  refers  to  the  difference  between  the  maximum  and 
the  minimum  oignal  values;  rm3  noise  can  be  considered  as  the  standard  de- 
viation of  the  random  fluctuations  around  a given  signal  level.  For  the 
reader  interested  in  core  extensive  definitions  and  descriptions  of  various 
measurement  techniques  used  with  TV  camera  tubco,  see  Biberracn  end  Nudelman 
(1971,  Vol.  2).  Signal- to-noi.-.e  ratio  is  often  expressed  in  units  of  deci- 
bels (dB),  rather  than  as  a simple  quotient.  In  this  section  the  dB  form 
will  be  used,  where 

SNR  (in  dB)  » 20  log1Q  (peak-to-peok  oignal  / rms  noise).  (4.6) 

Most  of  the  studies  investigating  SNR  for  eloctvo-optlcul  displays 
have  employed  static  imagery  viewed  through  a TV  system.  For  example, 

Parkes  (1972)  required  subjects  to  locate  targets  in  oblique  terrain  photo- 
graphs. She  varied  noise  level  in  order  to  obtain  SNR's  of  30,  26,  19,  end 
14  dB,  In  comparison  with  a direct-view  condition,  the  two  higher  SNR'o 
did  nor.  result  in  a significant  performance  decrement.  A sharp  drop  oc- 
curred. however,  between  the  24  and  19  dB  conditions.  Thus,  under  the  con- 
ditions of  this  study,  an  SNR  of  24  dB  was  fully  adequate.  Parkes  also 
reviews  a few  additional  studies  with  static  imagery,  to  which  the  targets 
were  abstract  geometric  forms. 
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A .study  by  Williams  ct  al  (1965)  represents  a rare  attempt  to 
study  SNR  under  conditions  of  scene  motion,  rather  than  with  static  dia- 
playo.  In  studies  Involving  geographic  orientation  relative  to  a pre- 
designated  target  position,  no  performance  differences  were  found  among 
SNR's  of  15  db,  20  db,  ard  over  50  db.  In  an  identification  task,  howavor, 
involving  discrimination  between  moving  circles  and  hexagons  viewed  against 
a cluttered  background,  performance  was  significantly  degraded  under  the  15 
db  condition. 

Another  dynar.ic  target  acquisition  /study  Is  that  of  Humes  and 
Bauerschmidc  (1966).  In  this  study  /subjects  viewed  a television  display 
of  aerial  reconnaissance  films.  The  SNR  levels  studied  were  1,  7,  16, 
and  37,6  db.  In  this  study  the  16  db  condition  was  the  level  below  which 
performance  deteriorated.  This  was  especially  true  for  percent  correct 
recognition,  but  ,_so  for  recognition  speed  provided  the  targets  were 
either  of  low  contrast  or  small.  The  authors  conclude  that  a TV  system 
designed  for  use  against  small  tactical  targetB  should  be  capable  of  pro- 
viding an  SNR  of  at  leant  16  db  for  undegraded  performance. 

It  should  be  pointed  out  that  m>i«e  seen  on  a live  televised  pic- 
ture is  fundamentally  different  from  that  seen  on  a photograph,  because  it 
ig  continuously  changing  in  a random  fashion.  Dynamic  noise  is  consider- 
ably less  disruptive  than  static  noise  becauoc  of  the  temporal  integration 
properties  of  the  visual  system  (cf.  Chapt-.r  2).  Since  the  eye  end  brain 
do  not  register  each  fleeting  change  in  brightness,  the  rapid  random  fluctu- 
ations are  averaged  out;  and  the  slowly-changing  information  in  the  scene 
la  perceived  core  easily.  Thus  a target  can  be  discerred  more  readily  than 
it  could  be  if  the  noise  were  “frozen."  The  detrimental  effect;  of  erotic 
noise  have  important  implications  for  the  concept  of  display  freeze,  dis- 
cussed in  Section  4.2.11.  If  a particular  Crams  ware  stored  and  displayed 
repeatedly,  noi^A  tiiat  was  generated  b>  the  photot.rnnsducor  would  be  frozen 
along  with  the  and  would  therefore  affect  the  perceptibility  of  the 

signal.  This  fact  should  be  considered  when  determining  the  benefits  like- 
).y  to  be  derived  from  display  freeze. 

In  addition  to  the  temporal  characteristics  of  the  noise,  spatial 
characteristics  can  also  affect  the  level  of  performance.  In  u preliminary 
study  by  Hillman  (1366)  the  detection  or  recognition  of  small  targets  was 
degraded  more  by  noise  of  high  spatial  frequency  than  low  frequency  noise. 

In  general,  from  her  pilot  work,  ehe  concluded  that  noise  is  most  detriment- 
al when  its  spatial  frequency  matches  tftst  of  the  objects  being  searched 
for. 


In  surataary,  this  review  has  presented  results  from  a few  represen- 
tative studies,  that  have  shown  acquisition  performance  to  be  a negatively 
accelerated  increasing  function  of  SNR.  The  particular  value  of  i>F?R,  above 
which  little  further  benefit  is  obtained,  depends  on  a variety  of  oeperi- 
mental  details.  However,  chert!  is  quite  a bit  of  ooaaistency  between 
studies.  Hairfield  (1970).  after  reviewing  a .lumbar  of  classified  as  well 
as  unclassified  ^tudiee,  concludes  that  thi.o  critical  SNR  level  lies  be- 
tween 16  and  25  db. 


The  topic  of  SNR  will  be  discussed  further  in  Section  4.3,  in 
connection  with  a summary  measure  of  image  quality.  It  will  be  shown  that 
the  SNR,  when  modified  to  include  such  factors  ns  the  image  site  and  the 
temporal  integration  properties  of  the  eye,  can  be  used  to  predict  simple 
target  acquisition  performance  in  a variety  of  situations, 

4.?. 8 Frame  Rate 


In  considering  the  frame  rate  or  information  update  rate  to  be 
employed,  two  basic  problems  must  be  kapt  in  mind:  the  likelihood  that  a 

particular  frame  rute  will  result  in  flicker  of  the  displayed  picture,  and 
the  likelihood  that  an  unacceptable  amount  of  target  blur  or  smear  will 
occur,  making  detection  or  identification  difficult. 

With  regard  to  the  first  problem,  it  should  be  noted  that,  at  the 
very  least,  the  presence  of  flicker  can  be  extremely  annoying.  Further- 
more, if  continued  for  a long  enough  period  of  time,  it  can  degrade  per- 
f rmance  because  of  its  fatiguing  effects  and  its  effects  on  motivation. 

If  the  frame  rate  is  slow  enough  to  produce  flicker,  the  problem  could  be 
counteracted  by  increasing  the  interlacing  beyond  the  customary  2:1  (see 
Section  4.2.9),  or  by  employing  storage  circuitry  that  enables  the  same 
scene  to  be  presented  on  successive  frames.  If  ouch  changes  are  unaccept- 
able for  design  reasons  or  because  of  other  considerations,  then  the  field 
rate  (equal  to  twice  the  frame  rate  for  a 2:1  interlace)  should  not  fall 
below  the  critical  flicker  frequency  (CFF)  for  the  display  luminances  en- 
countered. It  is  difficult  to  predict  CFF  from  laboratory  data  using 
square-wave  pulses  because  of  the  nature  of  the  raster-scon  process,  the 
characteristics  of  the  particular  phosphor  used,  etc.  The  general  relation- 
ship, as  presented  in  Chapter  2 (Section  2.4.6),  is  that  flicxer  will  be 
perceived  at  higher  repetition  rates  as  the  average  luminance  level  in- 
creases. The  likelihood  of  flicker  can  thus  be  reduced  by  reducing  dis- 
play luminance.  A second  procedure  is  to  utilize  a longer-decay  phosplK*: . 
This  approach  would  be  effective  only  if  there  were  relatively  little  iuage 
motion,  for  image  motion  produces  smear  with  a slow  phosphor.  Carel  (196b) 
presents  curves,  which  are  adapted  from  earlier  work  by  Schade,  that  show 
CFF  for  a variety  of  phosphors  and  viewing  distance/ocreen  diameter  ratios 
(p).  The  determination  of  p is  important  because  CFF  is  generally  higher 
in  the  periphery  of  the  visual  field  than  in  the  fovea;  thus,  CFF  increases 
as  p decreases.  As  a general  guide,  a frame  rate  of  30/second  (2:1  inter- 
lacing) will  not  produce  flicker  if  the  average  display  luminance  is  ap- 
proximately 10-30  £L  (34.3-103  cd/m2),  and  the  highlight  luminances  (com- 
prising a 3mall  portion  of  the  total  display)  do  not  exceed  150  fL 
(514  cd/m2)  (Carel,  1965;  pozard,  1962;  Schade,  19o4) . 

Concerning  the  loss  of  visual  information  due  to  sampling  a moving 
scene  at.  s slow  frame  rate,  relatively  little  experimental  evidence  is 
available.  For  a review  of  a few  classified  simulation  studies  involving 
this  variable,  see  Hairfield  (1970),  Snyder  et  al  (1967),  and  Hillmar  (1967). 
As  is  true  with  other  parameters  discussed  in  this  chapter,  simple  answers 
are  not  available,  and  the  dbsigner  must  consider  carefully  how  the  system 
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is  Intended  to  be  used,  before  making  decisionu  about  the  tradeoff u Involved. 
Obviously  witli  a relatively  high  rate  of  target  motion  across  the  ncreen, 
image  blur  could  be  a serious  problem,  and  a relatively  high  information 
update  rate  would  be  desirable,  lloflman  and  Greening  (1967)  have  shown, 
for  example,  that  if  the  blur  vector  exceeds  twice  the  dinplayed  size 
of  the  target's  "critical"  detail,  then  target  acquisition  performance  is 
significantly  reduced.  On  the  other  hand,  if  sensitivity  and  power  require- 
ments are  paramount,  it  may  be  necessary  to  sacrifice  frame  rate  in  order  to 
reduce  bandwidth  and  improve  signal/noise  ratio.  One  way  to  reduce  the 
problem  of  blur  when  the  frame  rate  is  too  slow  is  to  shutter  the  oenoor  so 
that  it  operates  for  only  a fraction  of  the  frame  interval  (nee  Section 
4.2.10). 


As  a general  statement,  it  seems  advisable  to  stay  with  a frame 
rate  of  30  frames /second,  unless  there  are  compelling  design  reasons  sug- 
gesting a lower  rate.  In  this  case,  it  may  be  necessary  to  conduct  simula- 
tion studies  to  determine  whether  detection/identification  performance  is 
acceptable  under  representative  operational  conditions. 


4t2.9  Interlacing 


Interlacing  is  a technique  for  eliminating  display  flicker  with- 
out increasing  the  data  rate,  thus  conserving  bandwidth.  TV  systems  normal- 
ly employ  an  information  update  rate  of  30  frames  per  second,  At  this  frame 
rate,  flicker  would  be  noticeable  at  typical  display  luminance  levola  (cf. 
Section  2.4.6  and  Section  4.2.8).  In  order  for  the  frame  rate  to  be  Increased, 
the  scanning  spot  would  have  to  move  across  the  display  at  a faster  rate,  , 
and  bandwidth  would  therefore  need  to  be  increased  in  order  to  maintain 
the  same  horizontal  resolution. 


In  order  to  maintain  frame  rate  at  30  frames/second  and  still  avoid 
flicker,  the  standard  procedure  io  to  cause  the  CRT  beam  to  write  every 
other  line,  then  start  at  the  beginning  and  fill  in  the  "opacQO,"  This  tech- 
nique is  called  2:1  interlacing,  and  results  in  a field  rate  of  60/secoi.J, 
while  the  information  update  rate  is  still  only  30/second,  Each  individual 
line  is  still  flashing  30  times  per  second,  but  at  normal  viewing  distances 
flicker  is  imperceptible  because  the  resolution  of  the  eye  is  sufficiently 
low  at  such  a high  spatial  frequency, 


An  interlace  ratio  of  2:1  is  standard,  but  in  some  applications  it 
could  be  desirable  to  use  a higher  ratio.  For  example,  if  doaignoted  for 
use  in  a high  ambient  illumination  environment,  the  display  luminance  might 
be  high  enough  to  cause  flicker  at  a rate  of  60  fields  per  second.  By  using 
a 3:1  interlace  a 90/oecond  field  rate  would  be  obtained.  Ao  another  ex- 
ample, if  the  scene  is  changing  slowly  so  that  the  information  update  rate 
of  30/occond  is  not  needed,  it  might  be  desirable  to  employ  a lower  frame 
rate.  By  so  doing,  bandwidth  could  be  reduced,  or  resolution  improved.  At 
20  frames  per  second  a 3:1  interlace  would  again  bring  the  field  rato  to 
60/socond. 


The  effect  of  changing  the  interlace  ratio  hae  noc  been  studied 
experimentally.  In  ordinary  applications  there  would  be  no  advantage  to 
increasing  the  interlace  ratio  unless  frame  rates  were  simultaneously  re- 
duced. Research  should  be  done  to  determine  the  extent  to  which  ouch  a 
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change  would  affect  target  acquisition  pcrfouuauco,  for  a variety  of  image 
rates  of  motion. 

4.2.10  Image  Frame  Integration  Time 

One  way  to  reduce  image  blur  canned  by  high  angular  rates  of 
motion  is  to  decrease  the  amount  of  time  during  which  the  sensor  collects 
information,  before  the  information  in  trnr.n furred  to  the  display.  This 
may  be  done  by  increasing  the  frame  rate,  no  that  radiant  energy  is  inte- 
grated over,  say,  1/60  second  instead  of  1/30  wocond.  However,  this  solu- 
tion  is  costly  in  that  bandwidth  would  have  to  be  doubled  in  order  for  res- 
olution to  remain  the  same.  Another  procedure  in  to  maintain  the  same  frame 

rate,  but  shutter  the  sensor  so  that  anorgy  in  integrated  over  only  a frac- 
tion of  the  frame  interval.  This  procedure  in  ftmnible  only  if  the  scene 

radiance  level  is  high  enough  so  that  the  S/N  ratio  can  remain  at  an  ac- 
ceptable level. 

Experimental  investigation  of  Chin  nhuttoring  technique  was  con- 
ducted by  Humes  and  Bauerachmidt  (1968),  With  a frame  rate  of  30/second, 
they  studied  integration  times  of  1/60,  1/laCi  and  1/300  second.  Under 
nadir  viewing  conditions  (camera  pointing  almost  straight  down,  resulting 
in  highest  ground  angular  rates)  target  recognition  probability  was  slight- 
ly but  significantly  higher  at  1/150  or  1/300  than  at  1/60  second,  In  addi- 
tion, recognition  latency  was  faster  for  the  1/300  second  condition.  With 
an  oblique  viewing  mode,  however,  performance  was  generally  unaffected. 
Similar  increases  in  performance  by  reducing  blur  through  shorter  exposure 
times  have  been  reported  by  Hoffman  and  Crooning  (1967). 

This  technique  is  a relatively  dimple  way  of  decreasing  blur  when 
target  angular  rates  are  excessive.,  and  should  be  given  further  study. 

4.2.11  Display  Freeze 

In  many  situations  target  acquisition  performance  may  be  limited 
by  the  effects  of  target  motion  across  the  display.  For  example,  at  rela- 
tively high  V/H  (velocity/height)  ratios,  coupled  with  a small  field  of 
view,  a substantial  proportion  of  targets  may  leave  the  display  before  the 
cjserver  has  had  time  to  identify  them.  Or  their  angular  ratee  may  be  toe 
great  for  them  to  be  identified  accurately,  especially  with  image  smear. 

A logical  solution  is  to  provide  the  capability  of  freezing  the  image  at 
noma  point,  to  permit  the  observer  to  make  e t.  ra  thorough  search  of  the 
scene  or  a more  detailed  inspection  of  the  target. 

Several  freeze  modes  are  possible.  Freeze  may  be  initiated  by 
the  observer,  or  it  may  be  automatic,  bneod  on  navigational  information. 

It  may  be  for  a fixed  duration,  or  until  the  oporator  terminates  it.  It 
may  also  be  continuous,  consisting  of  a ncrica  of  stopped  frames  of  limited 
duration.  Some  of  these  parametoro  wore  investigated  in  two  studies  per- 
formed by  Rusis,  Snyder,  and  Groaning,  (i965a)  and  Ruois,  Snyder,  Greening, 
and  Rawlings  (1965b),  which  represent  oxparimento  pertinent  to  the.  air~to~ 
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ground  search  problem.  In  these  experiments,  subjects  were  required  to 
search  for  and  recognize  tactical  targets  while  watching  a TV  display  of 
a dynamic  scene. 

The  results  of  both  studies  show  that  display  freeze  can  be  very 
helpful.  In  the  first  experiment,  recognition  performance  was  improved  in 
the  observer-initiated  freeze  mode,  in  comparison  to  no  freeze,  at  slant 
ranges  beyond  about  0.4  km.  As  the  duration  of  the  freeze  increased  from 
i to  5 seconds,  performance  worsened.  An  automatically-initiated  dis- 
play freeze,  such  as  could  be  provided  by  a computer  tied  in  to  an  accurate 
navigation  system,  was  superior  to  observer-initiated  freeze.  A continuous 
freeze  condition  (every  3 seconds)  was  inferior  to  all  other  freeze  modes. 

In  the  second  study,  where  slant  ranges  were  measured  with  more  precision, 
observer-initiaced  freeze  was  again  found  superior  to  a no-freeze  condition 
in  terms  of  recognition  probabilities,  but  average  recognition  and  designa- 
tion slant  ranges  were  longer  without  freeze.  Designation  accuracy  (plac- 
ing a reticle  over  the  target)  was  greater  with  a frozen  display. 

These  experiments  indicate  that  display  freeze  can  in  fact  en- 
hance recognition  performance.  Whether  this  advantage  is  of  great  enough 
practical  significance  to  Justify  the  additional  cost  of  providing  a dis- 
play freeze  (e.g.,  scan  converter)  capability  is  questionable.  Although 
some  image  blur  may  be  eliminated  by  this  procedure,  a considerable  amount 
of  blur  due  to  motion  is  caused  by  the  sensor  (due  to  the  frame  integra- 
tion time),  and  is  therefore  still  present.  In  a frozen  image,  any  blur 
due  to  scene  motion  during  the  frame  time  remains  "correlated  with"  the 
scene,  whereas  in  a dynamic  image  the  observer's  visual  system  can  "inte- 
grate out"  some  of  the  blur.  Also,  although  more  time  is  available  to  in- 
spect e scene,  in  some  cases  display  freeze  might  result  In  an  important 
target  going  undetected,  if  it  should  pass  through  the  field  of  view  while 
the  display  is  frozen.  The  most  useful  application  of  display  freeze  Is 
probably  for  missions  being  flown  against  fixed  targets  whose  position  is 
known.  A computer  tied  in  to  an  accurate  navigation  system  could  then  pro- 
vide display  freeze  as  a predcoignation  technique  (see  Sturm,  Snyder,  Wyman, 
and  Rawlings,  1966),  thereby  increasing  recognition  ranges. 

4.2,12  Sensor  Pointing  Angle 

Some  attention  h«a  been  given  to  the  depression  cngle  at  which  a 
sensor  should  be  fixed  in  order  to  maximize  detection  or  recognition 
raugas.  Whenever  feasible,  it  is  clearly  desirable  to  enable  the  obser- 
ver to  control  where  the  sender  ia  pointing,  go  that  a target , once  detect- 
ed, may  be  tracked  regardless  of  the  movements  of  the  aircraft.  In  some 
systems,  however,  no  such  v-upubiilly  ia  provided.  Furthermore , even  when 
the  camera  can  be  controlled,  it  is  likely  to  be  set  in  a stationary 
position  prior  to  target  detection,  while  the  terrain  is  being  searched. 

Thus,  coma  decision  has  to  be  made  a to  how  far  down  from  the  horizon  the 
sensor  should  be  aimed  in  order  to  produce  the  best  results.  In  order  to 
answer  such  a question,  attention  must  be  given  to  other  variables  as  well, 
such  as  camera  field  of  view  (FOV),  aircraft  altitude  and  speed,  target  type, 
etc.  These  factors  must  combine  in  such  a way  that  the  target  cats  be  detect- 
ed and  recognized  before  it  pasopo  beyond  the  iouar  Boundary  of  the  display. 
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A study  by  Carter  (1962)  utilising  FOV'n  from  10°  to  26®  found  the 
optimal  depression  /ingle  for  recognition  to  be  30®  at  an  altitude  of  3000  ft 
(914in)  and  20'  at  an  altitude  of  1500  ft  (45’.’m).  Such  a result  is  logical 
since,  for  a given  KOV,  the  ground  area  being  taken  in  by  a camera  de- 
creases as  altitude  decreases.  This  effect  can  he  compensated  for  by  de- 
creasing the  camera  depression  angle,  which  resultu  in  an  increase  in  ground 
coverage,  thereby  increasing  the  amount  of  time  a target  remains  displayed. 

Humes  and  Bnuorschmidt  (1968)  studied  camera  pointing  angle  in  con- 
junction with  camara  FOV  and  aircraft  vaiocity/height  ratio  (V/H),  in  a 
fixed-base  simulation  atudy  in  which  die  observer  viewed  a TV  display  of 
motion  picture  scenes,  At  a low  V/H  value  (0.05),  recognition  performance 
was  poorest  at  a depression  angle  of  26®,  better  at  45®,  and  still  slightly 
better  at  82°.  At  higher  V/H  values,  optimal  performance  was  obtained  at 
the  45®  pointing  angle,  and  poorest  perfonnance  again  was  found  at  26°. 

These  results  are  presented  in  Figure  4-15.  In  line  with  Carter's  (1962) 
results*  it  may  be  seen  chat  the  advantage  of  the  more  forward-looking  angle 
(45°)  is  greater  at  the  lower  altitude  tested.  It  is  also  evident  from  this 
figure  that  the  lover  velocity  resulted  its  substantially  improved  recognition 
performance  regardless  of  viewing  angle  in  this  simulation,  although  this 
ecfeeC  was;  moat  pronounced  for  Che  "nadir1'  viewing  mode  (82°).  Because  of 
the  interaction  between  the  effects  of  pointing  angle  and  altitude,  the  au- 
thors point  out  that  the  use  of  V/H  aa  n summary  measure  of  two  independent 
variables  is  risky;  it  cannot  always  he  assumed  chat  an  effect  observed  at  a 
certain  V/H  value  would  also  be  observed  at  a different  spced/altituda  com- 
bination producing  Use  same  V/H  level. 
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Ihc  sensor  FOV  should  /i  1 tto  be  '.aken  into  account  when  determining 
opllm.il  pointing  angle.  HumcH  and  iUiuci uchmidt  found  tin  interaction  be- 
tween FOV  and  pointing  angle  such  that  at  a relatively  shallow  pointing 
angle  (26°),  recognition  performance  wuu  best  with  a narrow  FOV,  but  os 
the  depression  angle  increased,  larger  FOV's  were  advantageous.  Although 
these  results  depended  somewhat  on  the  particular  performance  measure 
being  considered,  the  authors  concluded  that  under  shallow  viewing  anglcB 
a vertical  l'OV  of  18°  or  less  iu  advisable;  for  a pointing  angle  of  45° 
a vertical  FOV  of  approximately  26°  wuu  recommended;  and  for  nadir  view- 
ing ungles  a vertical  FOV  of  approximately  47°  appeared  optima  . 

In  summary,  Htunes  and  Uaucrschmidt  make  the  following  conclusions 
about  the  operational  significance  of  their  results:  "...optimum  recogni- 

tion performance  for  a fixed  pointing  angle  system  would  be  realized  with 
a cuinera  pointing  angle  in  the  region  of  45°.  With  shallower  angles,  long- 
er slant  ranges  are  obtained,  but  lower  percent  recognitions  result;  with 
steeper  angles  (and  shorter  slant  ranges) , higher  percent  recognitions  can 
be  expected.  Since  varying  operational  requirements  may  be  encountered  in 
which  cither  long  acquisition  slant  ranges  or  high  target  acquisition  prob- 
abilities may  be  of  primary  importance  Cor  given  missions,  it  is  concluded 
that  a viewfinder  system  with  variable  camera  pointing  angle  capability 
would  be  mo3t  desirable." 

4.2,13  Scene  Rotation 


Closely  allied  to  the  topic  of  sensor  pointing  angle  is  the  sub- 
ject of  displayed  scene  rotation.  This  topic,  which  has  received  no  ex- 
perimental attention  until  very  recently,  pertains  to  the  false  rotation 
of  a scene  displayed  to  an  observer,  as  the  result  of  line-of-sight  rota- 
tion of  a gimbal-mounted  sensor.  If  a sensor  is  mounted  beneath  an  air- 
craft, some  type  of  gimbal  arrangement  is  often  provided  in  order  to  per- 
mit the  camera  to  track  a target  whose  position  is  changing  relative  to 
the  orientation  of  the  aircraft,  A variety  of  such  gimbal  arrangements 
may  bo  chosen.  The  final  selection  may  be  based  on  a number  of  engineer- 
ing considerations  other  than  those  affecting  the  appearance  of  the  scene 
as  it  in  displayed  to  the  observer. 

Depending  on  the  location  of  the  target  relative  to  the  aircraft's 
flight  path,  certain  gimbal  arrangements  will  result  in  a line-of-sight 
rotation  (roll)  of  the  scene  viewed  on  the  display.  The  nature  of  this 
rotation  is  determined  by  the  gimbal  order  chosen.  In  a 2-axis  gimbal 
system,  a yaw-pitch  gimbal  ordor  (moaning  that  the  yaw  axis  is  the  outer 
axis  of  rotation)  produces  no  scene  rotation,  while  a pitch-yaw  order  will 
produce  rotation  when  the  aircraft  flies  past  a ground  target  that  is  off- 
set from  the  flight  path.  At  ft  given  moment,  the  amount  and  rate  of  rota- 
tion depend  on  aircraft  speed,  direction  of  flight  relative  to  the  target, 
altitude,  and  distance  from  the  target.  As  an  example,  consider  the  case 
where  a sensor  mounted  on  a pitch-yaw  gimbal  begins  tracking  a target  seen 
at  an  azimuth  of  340°  relative  to  the  aircraft's  heading.  If  the  aircraft 
maintains  level  flight,  and  tho  sensor  continues  tracking  until  the  target 
is  off  tha  left  wing  (an  azimuth  of  270°),  the  displayed  scene  will  rotate 
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ill  a counterclockwise  direction,  la  the  cuae  of  a roll-pitch  gimbal  order, 
the  condition!:  described  above  would  again  result  in  counterclockwise  rota- 
tion. However,  the  amount  and  rate  of  rotation  observed  at  « given  point 
during  the  flight  would  differ.  Figure  4-16  presents  a comparison  of  the 
rotation  produced  by  the  roll-pitch  and  pitch-yaw  gimbal  orders  during  a 
typical  flyby  maneuver. 


Figure  4-16.  Comparison  Between  tin  Amount  of  Scene  Potation  Produced 
by  Two  Gimbal  Orders,  During  a Typical  Flyby  Maneuver 


Froitag  and  MacLeod  (1974)  have  recently  completed  an  experimental 
program  to  study  the  effects  of  scene  rotation  on  target  acquisition  per- 
formance. A terrain  simulator  was  employed  in  conjunction  with  a TV  camera 
mounted  on  a three-axia  gimbal  driven  by  a computer  programmed  to  simulate 
either  a yaw-pitch  (no  rotation)  or  a roll-pitch  gimbal.  Although  the  re- 
sults showed  no  differences  in  detection  performance,  recognition  slant 
ranges  were  significantly  longer  for  the  no-rotation  condition.  This  is 
the  first  experimental  evidence  suggesting  a decrement  in  acquisition  per- 
formance due  to  scene  rotation.  Prico  (1974)  essentially  replicated  this 
experiment  and  obtained  the  same  results. 

Further  research  will  be  required  to  observe  a widor  sampling  of 
gimbal  arrangements,  as  well  as  to  determine  the  cause  of  this  decrement. 


One  possible  explanation  In  that  the  additional  notion  produced  by  the  sen- 
sor rotation  rate  causes  further  imago.  smearing,  hence  a decrease  in  target 
Image  <|uality.  Another  poanlbllity  is  that  targets  are  more  difficult  to 
recognize  when  seen. in  an  unfamiliar  orientation. 

If  scene  rotation  proves  to  be  sufficiently  disorienting  or  detri- 
mental to  pilot  performance,  it  is  possible  to  eliminate  Che  rotation 
either  by  counter-rotatiuR  the  display  itself,  or  by  employing  electronic 
means.  Either  procedure  has  drawbacks,  and  further  research  must  determine 
whether  the  advantages  would  outweigh  the  costs. 

It  should  also  bo  noted  that  target  acquisition  is  not  the  only 
performance  area  which  is  likely  Co  be  affected  by  gimbal  arrangement. 
Tracking,  for  instance,  is  much  more  difficult  with  a roll-pitch  system 
than  with  a yaw-pitch  system  (Kreitng  and  MacLeod,  1974). 

4.2.14  Color  vs.  Black  and  White 


Because  black  and  white  TV  systems  convert  a scene  into  an  image 
that  varies  onl'  luminance  level,  it  seems  intuitively  obvious  that  a 
groat  deal  of  potentially  useful  information  is  being  lost.  Some  authori- 
ties (o.g.,  Hillman,  1967)  have  suggested  that  acquisition  performance 
should  be  improved  substantially  if  thin  extra  information  were  available 
to  the  observer,  particularly  when  operating  at  low  altitudes  and  in  clear 
weathor, 


Only  a few  realistic  studios  have  been  designed  to  investigate 
the  use  of  color  TV  systems  In  target  acquisition.  These  studies  have 
generally  failed  to  demonstrate  clear-cut  differences  in  detection  perform- 
ance ns  a function  of  color  contrast,  although  recognition  and/or  identifi- 
cation performance  may  be  enhanced  In  certain  instances.  A review  of  the 
experimental  literature  on  the  effects  of  color  on  visual  search,  primarily 
for  dlnplayo,  was  conducted  by  Christ  and  Teichner  (1973).  They  concluded 
that  while  color  can  be  an  effective  aid  to  performance  under  some  conditions, 
it  can  be  detrimental  in  othura.  if  the  observer  has  been  briefed  concerning 
the  colors  of  certain  classes  of  targets,  his  performance  might  improve. 

One  recent  study  of  the  ability  of  Subjects  to  acquire  colored 
military  targets  was  performed  by  Fowler  and  Jones  (1972).  They  investi- 
gated whether  the  use  of  a color  television  display  would  enhance  detec- 
tion or  recognition  performance  over  that  achieved  with  a black  and  white 
TV  pictura.  Using  video  tapes  prepared  by  "flying"  over  a terrain  model, 
they  found  no  advantage  due  to  the  color  display,  regardless  of  whether 
the  target  colors  were  similar  to,  or  different  from,  their  background 
colors.  Later  research  in  the  same  laboratory  employed  lower  target/back- 
ground  brightness  contrast  values  than  used  in  the  earlier  study.  The  re- 
sults again  failed  to  demonstrate  any  advantage  due  to  the  use  of  color 
displays, 

An  earlier  simulation  study  (Snyder  et  ul.,  1964)  comparing  color 
v!<h  black  and  white  film,  arrived  at  essentially  the  same  conclusion.  No 


(significant  differences  were  found  in  mean  recognition  ranges  or  percent 
correct  recognitions,  ever,  when  two  of  the  five  targets  employed  we  e 
yellow  vehicles,  which  are  seldom  encountered  in  real  life  tactical  en- 
vironments. A similar  conclusion  was  reached  in  o recent  study  by  Davies 
(Parke*,  1972). 

Because  of  the  results  of  such  studies  and  because  of  certain 
other  considerations,  it  is  doubtful  whether  presenting  the  observer  with 
a realistic  color  picture  of  the  scene  is  particularly  advantageous  in 
most  air-to-ground  operations.  This  is  especially  true  considering  the 
increases  in  cost  and  weight  associated  with  color  systems.  One  reason 
for  the  relative  unimportance  of  color  information  is  that  the  atmos- 
phere reduces  color  contrast,  imparting  a bluish  tinge  to  low-contrast 
objects  (cf.  Middleton,  1952).  In  general,  as  the  distance  between  the 
object  and  the  observer  increases,  colored  objects  become  less  saturated 
until  they  are  virtually  indistinguishable  from  achromatic  objects.  The 
range  at  which  this  occurs  depends  upon  the.  amount  of  hate,  the  nature  of 
any  atmospheric  contaminants,  ar.d  the  inherent  saturation  of  the  object. 

In  many  instances,  the  target  and  its  background  may  be  essentially  mono- 
chromatic at  the  range  at  which  an  observer  initially  detects  the  target. 

In  addition,  of  course,  most  tactical  targets  are  deliberately 
colored  to  match  their  probable  surroundings  as  closely  as  possible, 
which  further  decreases  the  importance  of  color  as  an  operationally  signi- 
ficant variable.  Furthermore,  the  dominant  wavelengths  of  moat  natural 
objects  appearing  on  the  earth’s  surface  lie  within  a fairly  narrow  range, 
which  means  that  the  range  of  color  contrasts  likely  to  be  encountered  in 
moat  missions  is  limited. 


4.2.15  Aspect  Ratio 


Aspect  ratio  is  usually  defined  as  the  ratio  of  the  horizontal 
length  to  the  vertical  height  of  a display.  In  commercial  television  sys- 
tems, the  aspect  ratio  is  4:3.  The  effects  of  this  variable  have  been 
studied  in  one  experiment  (Humes  and  Bauerschoidt,  1968),  where  it  was 
found  that  orienting  the  vertical  raster  display  so  that  its  height  was 
greater  than  its  width  resulted  in  a slight  performance  advantage.  Aspect 
ratios  of  1:1,  1:2,  3:4  were  studied,  where  the  total  ground  area  covered 
was  identical  for  the  three,  ratios.  The  camera  pointing  angle  was  fixed, 
and  was  set  to  point  either  at  an  oblique  angle  or  almost  directly  down- 
ward. The  probability  of  recognizing  a displayed  target  was  found  to  be 
greater  when  display  height  was  greater  than  its  width;  this  effect  was 
greater  in  the  nadir  viewing  mods.  This  result  is  not  surprising;  since 
the  target  was  in  the  field  of  view  for  a longer  time,  the  observer's 
chances  of  recognizing  it  ahould  be  improved. 


Although  aspect  ratio  had  some  effect  in  the  above  experiment,  it 
is  not  likely  to  be  a particularly  important  variable.  If  the  sensor  Is 
pointing  down  or  straight  ahead,  it  In  true  that  a target  will  be  displayed 
longer  if  height  is  the  longer  dimension.  (Just  the  opposite  is  true  for 
a side-looking  sensor).  However,  it  ahould  be  remembered  chat  the  total 
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number  of  tirnets  displayed  will  bo  reduced,  since  uome  targets  will  now 
fall  outsl  >e  sensor's  field  of  view.  Whether  or  not  these  two  effects 
would  ex. i'  >unteract  each  other  is  not  known;  the  answer  would  probably 

be  diffuse!. i . ^-pending  on  the  target  density,  the  aircraft  V/H,  and  other 
variables,  ihe  appropriate  experiment  has  never  been  done,  and  is  probably 
not  worth  doing. 

If  a sen3or/display  system  is  being  used  as  part  of  a guidance 
system  for  weapon  delivery,  where  the  target  is  first  acquired  by  direct 
visual  means  and  the  sensor  is  then  pointed  at  it,  there  may  be  a slight 
advantage  to  having  the  width  greater  than  the  height.  This  1g  because 
when  the  operator  is  trying  to  bring  the  target  into  ihe  field  of  view, 
Chore  is  probably  more  positional  uncertainty  with  respect  to  azimuth 
than  elevation,  since  there  are  fewer  possible  elevation  angles  at  which 
the  target  could  be  located.  The  reviewer  known  of  no  data  to  back  up 
this  reasoning,  however. 

4.2.16  Raster  Orientation 


A few  sources  have  suggested  that  target  acquisition  performance 
with  line-scanned  images  wight  be  ennanccd  if  the  raster  scan  lines  were 
oriented  in  a vertical  direction,  contrary  to  common  practice.  The  reason- 
ing behind  this  suggestion  is  as  follows.  Moot  targets  33  seen  from  the 
nir  are  elongated  in  appearance,  so  that  their  width  is  much  greater  than 
their  height.  One  reason  for  this  fact  is  that  all  objects  seen  at  an  ob- 
lique angle  tend  to  be  foreshortened  — for  example,  a circular  lake  seen 
at  an  angle  assumes  an  oval  shape.  In  addition,  during  an  attack  phase  an 
aircraft  would  normally  be  flying  toward  the  wideot  dimension  of  the  target, 
in  order  to  hav-.  a better  chance  of  scoring  a hit.  It  is  also  true  that 
display  resolution  is  very  often  superior  (or  at  least  continuous)  in  a 
direction  parallel  to  the  raster  scan  linca.  It  therefore  makes  logical 
sense  to  orient  the  display  oo  that  maximum  resolution  is  in  the  direc- 
tion where  it  is  most  needed  — namely,  where  the  target  spatial  frequency 
is  higher. 

One  factor  which  argues  against  this  logic,  however,  is  that  vibra- 
tion in  airborne  systems  often  llmito  tho  affective  resolution  in  both 
directions,  and  tends  to  make  horizontal  and  vertical  resolution  more  near- 
ly equal  than  they  would  be  when  measured  statistically. 

A study  by  Rusis  (1966a)  investigated  the  effects  of  raster  orienta- 
tion in  a target  recognition  task,  and  found  that  vertical  scan  line  orienta- 
tion was  superior  to  horizontal  orientation.  In  this  study,  the  simulated 
altitude  was  1000  ft.  (304.8m),  so  that  considerable  target  foreshortening  would 
occur.  Furthermore,  resolution  in  the  direction  of  the  scan  lines  was  re- 
ported to  be  nearly  tv  that  across  the  scan  lines.  Thus  the  result^ 
in  accordance  with  the  reasoning  presented  above. 

In  a more  recent  study,, Bruns  st  al.  (1J72)  investigated  this 
.riuble  with  a TV  system  in  which  resolution  was  approximately  equal  in 
.us  two  dimensions.  The  cask  involved  detecting  und  identifying  buildings 
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during  ulDJulntcd  air-to-ground  attacks.  Small  performance  differcnccu  were 
again  found,  in  favor  of  the  vertical  scan  line  orientation.  The  only 
statistically  significant  difference  was  for  detection  Blant  ranges  (11X 
greater  slant  range  for  vertical  orientation);  identification  ranges  and 
probabilities  were  not  oignif icantly  different.  The  difference  is  probably 
due  to  target  motion,  which  was  predominantly  fn  a vertical  direction. 

Motion  should  have  less  of  a degrading  effect  when  the  target  io  continuous- 
ly sampled  (along  the  ranter  line)  than  when  discretely  sampled  (across 
raster  linen.)  This  result  should  be  confirmed  and  studied  for  a v riety 
of  mission  profiles. 

In  vk  ' the  sm/ill  amount  of  data  on  this  subject,  design  rec- 
ommendatj  l be  made  witli  caution.  In  systems  where  the  differ- 

ence betwe. . .iontal  ar.d  vertical  resolution  is  substantial,  serious 
consideration  anould  be  given  to  orienting  the  display  so  that  maximum  res- 
olution is  in  the  vertical  direction.  On  the  other  hand,  if  the  resolu- 
tion difference  is  small  (keeping  in  mind  that  it  will  be  further  reduced 
by  vibration) , it  seems  unlikely  that  very  large  performance  differences 
will  result  from  changes  in  raster  line  orientation.  Consideration  should 
also  be  given  to  the  type  of  task  required  of  the  observer.  In  the  case 
of  detection  performance,  it  is  probably  true  that  most  targets  when  detect- 
ed are  foreshortened  in  the  vertical  direction.  However,  in  the  case  of 
target  identification,  it  is  not  at  all  clear  that  the  target  detail  nec- 
ess-.cy  for  identification  has  a much  higher  spatial  frequency  in  the  ver- 
tical direction. 


A. 2. 17  Spot  Hobble 


In  Section  A. 2. 3 the  problems  associated  with  raster  line  visi- 
bility were  discussed.  It  was  noted  that  whenever  an  observer  sits  close 
enough  to  a CRT  oo  that  the  raster  structure  is  clearly  visible,  he  may 
not  be  able  to  perceive  all  the  information  presented  to  him  because  of 
the  masking  effect  of  the  high-frequency  horizontal  lines.  It  is  there- 
fore desirable,  especially  in  high  resolution  systems,  to  suppress  the 
raster  structure  without  degrading  system  resolution.  The  technique  of 
spot  wobble  was  developed  for  this  purpose. 


The  basic  objective  is  to  f ' • the  blank  spaces  between  each 

raster  lino.  This  could  be  done  \ ■ • ng  the  scanning  spot,  but  hori- 

sontal  resolution  would  drop  as  a . An  elongated  spot  is  needed, 

whose  height  equals  the  raster  line  s;„..\ng,  but  whose  width  io  relatively 
narrow.  An  irregular  spot  ouch  as  this  in  difficult  to  produce  by  elec- 
tron optics,  but  tha  came  effect  con  be  achieved  by  making  the  spot  oscil- 
late rapidly  in  the  vertical  direction  ao  it  scans  horizontally,  ’he  tech- 
nical details  and  variations  of  the  spot  wobble  technique  will  -overed 

here.  Biberman  (1973)  presents  a discussion  of  some  of  the  te 
aspects  of  the  problem. 


/’’hough  the  spot  wobble  procedure  has  been  known  for  some  time, 
very  few  controlled  experiments  have  been  done  to  asses.  i effective- 
ness. One  study  by  Thompson  (1957)  was  mentioned  in  ...  don  A. 2. 3. 


However,  Thompson  was  concerned  only  with  observers'  preferences,  not  vis- 
ual performance.  He  determined  that  spot  wobble  did  indeed  make  the  raster 
lines  lean  visible,  and  that  when  subjects  viewed  static  pictures  they  tend- 
ed to  choose  viewing  distances  at  which  the  lines  Just  blended  together. 

RCA  (1962)  published  an  investigation  of  spot  wobble  in  a terrain 
localization  experiment.  Subjects  viewed  static  photographs  which  were 
prepated  by  taking  aerial  terrain  photographs  and  processing  them  through 
a television  simulator  (essentially  a closed-circuit  TV  system).  Line 
coverages  from  125  to  500  scan  lines  per  frame  were  studied,  with  and  with- 
out spot  wobble.  Subjects  viewed  TV  images  of  terrain  sectors,  then  tried 
to  locate  each  sector  in  a photographic  image  of  a larger  scene.  Under 
the  conditions  of  this  experiment,  no  improvement  was  found  with  spot  wobble. 
A more  operationally  realistic  experiment  has  very  recently  been  done  to  in- 
vestigate spot  wobble  amplitude  effects  on  dynamic  air-to-ground  target 
acquisition.  In  this  study  (Beamon,  1974)  a visually  "soft",  flat-field 
raster  produced  longer  target  acquisition  ranges  than  did  smaller  amplitude 
or  no  opot  wobble.  The  probabilities  of  target  acquisition  were  not  affect- 
ed by  the  spot  wobble  amplitude. 

The  use  of  spot  wobble  cannot  be  strongly  recommended  on  the  basis 
of  so  little  data.  Clearly,  much  work  remains  to  be  done  on  thi3  Important 
topic.  Nevertheless  the  technique  is  potentially  useful  and  should  be  given 
consideration  in  any  application  where  raster  llnea  are  visible  at  a typical 
viewing  distance. 

4.2.18  Image  Enhancement 

When  an  image  is  being  created,  a great  many  factors  can  operate 
together  to  degrade  the  quality  of  the  finished  product.  Typically  the 
contrast  is  reduced  in  comparison  with  the  original  scene,  and  the  transi- 
tions (edge  gradients)  between  areas  of  different  luminance  are  gradual 
rather  than  abrupt.  A numbor  of  video  processing  methods  have  been  devised 
in  order  to  enhance  the  contrast  between  a target  and  its  background,  and 
to  sharpen  a target's  borders,  The  details  of  these  techniques  (which  in- 
clude gamma  correction,  contrast  stretch,  edge  sharpening,  differentia- 
tion, and  optical  filtering)  will  not  bs  covered  here.  Brief  descriptions 
of  several  available  techniques  may  be  found  in  reports  by  Hillman  (1967) 
and  Levi  (1969).  Brainard  and  Ornstein  (1965)  and  Brainard  and  Caum  (1965) 
describe  several  techniques  for  edge  sharpening,  which  is  the  procedure 
given  moot  attention  in  the  target  acquisition  litoreture.  The  follow- 
ing paragraphs  present  rooults  from  a few  target  acquisition  studies  cf 
image  enhancement,  involving  dynamic  and  staiic  imagery. 

A study  by  Blackwell  at  nl.  (1961)  has  already  been  reviewed  in 
Section  4.2.6,  where  it  was  shown  that  target  detection  performance  im- 
proved as  gnnraa  wua  increased  from  1 to  4.  That  study  also  investigated 
an  optical  spatial  filtering  technique,  in  which  information  at  certain 
spatial  frequencies  was  selectively  eliminated.  Limited  success  was 
achieved  when  the  optical  filters  wore  used  with  aerial  photographs;  at 
best,  some  filters  improved  performance  at  low  levels  of  detection 
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probability,  but  degraded  performance  at  high  detection  probability  levels. 
The  authors  concluded  that  optical  filtering  procedures  are  potentially 
useful,  but  that  studies  of  a more  analytic  nature  should  be  performed. 
Since  then,  optical  filtering  has  not  been  studied  within  the  context  of 
human  target  acquisition,  although  it  has  been  used  extensively  in  auto- 
matic pattern  recognition. 


Some  early  work  on  the  value  of  edge  sharpening  (subtracting 
from  a video  signal  its  second  derivative)  was  performed  by  Brainard  and 
Caum  (1965).  This  technique  is  analogous  to  the  edge-enhancing  ability  of 
the  human  visual  system  which  gives  rise  to  Mach  bands  (see  Section  2.3.4). 
The  authors  investigated  a variety  of  aerial  photographs  of  tactical  targets, 
and  found  that  enhancement  produced  substantial  improvements  in  several  per- 
formance measures.  Further,  as  the  task  difficulty  increased,  from  simple 
detection  to  identification,  the  relative  magnitude  of  the  improvement  in- 
creased. This  is  understandable,  in  that  edge  enhancement  improves  patterns 
with  high  spatial  frequency  content  (e.g.,  small  details  in  the  image), 
which  is  important  for  target  identification. 

ResultB  of  * study  by  Rusis  (1966)  also  indicate  that  image  en- 
hancement by  an  edge  sharpening  technique  can  be  beneficial,  but  that 
the  amount  of  improvement  depends  on  other  factors.  Proportion  of  correct 
recognitions  increased  and  incorrect  recognitions  decreased,  whan  image 
enhancement  was  present.  In  general,  the  beneficial  effect  of  enhance- 
ment was  greater  at  short  slant  ranges,  and  for  heavily  masked  target?  in 
comparison  with  moderately  or  lightly  masked  cargeta. 


Another  investigation  of  edge  sharpening  woe  conducted  by  Humes 
and  Bauerschraidt  (1968).  Subjects  searched  for  tactical  targets  while 
watching  a dynamic  scene.  This  study  showed  that  the  amount  of  enhance- 
ment may  determine  whether  performance  is  improved  or  uegraded  in  a particu- 
lar situation,  and  that  signsl-to-noise  ratio  must  bo  taken  into  account. 

It  was  found  that  a medium  (1:1)  level  of  enhancement  produced  faster 
recognition  speeds  than  zero  enhancement,  or  a high  (3.5:1)  enhancement 
condition.  The  soma  trend,  although  not  statistically  significant,  was 
found  for  other  performance  measures.  Furthermore,  when  S/N  ratio  was 
high,  a high  degree  of  image  enhancement  was  beneficial;  but  at  relatively 
low  S/N  levels,  performance  worsened  as  image  enhancement  increased.  Thl3 
happened  because  the  type  of  enhancement  employed  (second  derivative  sub- 
traction) tends  tc  enhance  the  noise  at  least  as  weil  aa  the  signal-  The 
authors  concluded  that  if  this  technique  is  used,  the  operator  should  be 
given  the  capability  to  control  the  degree  of  enhancement. 


In  summary,  image  enhancement  techniques  are  considered  to  hold 
promise,  although  the  degree  of  improvement  is  situaticn-aspcr.dent.  The 
amount  of  relevant  target  acquisition  data  is  still  email,  however.  In 
deciding  whether  to  use  image  enhancement,  or  which  technique  to  use,  the 
designer  must  determine  as  precisely  as  possible  the  target  and  environ- 
mental conditions  for  which ’the  system  will  be  used.  Of  course,  it  is  not 
always  possible  to  do  this  with  sr.y  degree  of  certainty.  As  Blackwell 
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et  al.  (1961)  pcint  oaf,  a system  designed  to  provide  a specific  type  and 
degree  of  enhancement  will  be  limited  in  its  u 'ulness,  but  that  a system 
v/ith  great  flexibility  requires  considerable  training  in  its  use  and  plucce 
greater  demands  on  the  operator. 

4.3  Summary  Measures  of  Image  Quality 

For  a number  ii  years  there  has  been  a recognised  need  for  an  over- 
all measure  of  image  quality  that  can  provide  a means  of  predicting  observer 
performance  with  realistic  targets  viewed  on  a display.  In  recent  years 
several  workers  have  made  significant  advances  in  simplifying  the  specifica- 
tion of  image  quality  by  combining  several  parameters  that  affect  observer 
performance  into  a summary  measure.  In  this  section  two  such  attempts  which 
appear  highly  promising  will  be  reviewed.  It  will  be  seen  chrv  although 
they  were  developed  in  different  fashions,  end  may  >e  used  in  different 
ways,  they  are  actually  quite  similar. 

The  basic  approach  of  these  techniques  will  be  described,  and  che 
results  of  some  perceptual  experiments  to  validate  them  will  be  presented, 

In  addition,  their  advantages  and  limitations  will  be  discussed  in  terms 
of  their  ability  to  predict  target  acquisition  performance  with  various 
types  of  imagery, 

4,3.1  Display  Signal-to-Hoioe  Ratio  (SNR^j) 


The  concept  of  th®  display  nigr.al-to-noiae  ratio  (CSJR'  is  a 
promising,  recent  attempt  to  irovide  a summary  measure  of  image  qualit> 
that  can  be  u3ed  to  predict  the  visibility  of  a specific  target  which  is 
imaged  o-  a display.  Much  of  the  work  of  developing  and  validating  SNR^j 

has  been  done  at  Ueatinghause  by  Resell  and  Willson;  their  work  is  baerd 
on  earlier  research  by  Coleman  and  Anderson,  Sc'.iade,  Rose,  and  others.  A 
recent  description  of  the  research  on  StfR^  ia  an  article  (Resell  art! 

Willson,  1973)  which  appears  as  a chapter  in  ’’Perception  of  Die played  In- 
formation, " edited  by  L.  M.  Riberman. 

The  basic  approach  is  to  consider  a set  oe  interrelated  factors 
that  have  an  effect  on  observer  performance,  and  to  combine  these  factors  in 
an  equation  that  can  be  used  by  syatet.  designers  to  calculate  whether 
particular  targets  can  be  detected,  recognised,  or  identified.  The  ap* 
proach  ia  also  valuable  as  an  analytic  cool  for  comparing  perCoraance  be- 
tween different  oensors  with  respect  to  eharovCurfGfcica  that  really  effect 
observer  performance  — thus  reducing  the  need  for  expensive  laboratory 
evaluations.  This  report  will  not  discuss  the  details  of  tho  equations, 
or  the  way  they  were  derived.  Thera  are  many  versions  of  the  same  basic 
•equation,  which  are  appropriate,  in  particular  situations.  For  the  reads? 
interested  in  these  details,  the  beat  eovtrca  is  probably  Roseli  and  Willson 
(1973)  (also  see,  Roeell  and  Willson,  1971).  in  essence,  the  equation 
starts  with  the  vid  o oignal-to-noise  ratio  (SliRy) . This  quantity  can  b$ 
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measured  electronically,  prior  to  being  inputted  to  the  display,  as  the 
peak-to-peak  target  signal  divided  by  the  rrns  noise  level.  The  SNRy  is 

then  modified  to  include  bandwidth,  visual  temporal  integration  time,  the 
size  of  the  target  as  it  is  imaged  on  the  photosurface,  und  the  size  of  die 
otosurfucc  itself.  The  resulting  formulation  may  be  written  as 


SNR1)1 
where  SNR^  “ 


- { 2tAf v(a/A)  ] J . SNRy  (4.7) 

image  signal-to-noir.c  ratio  on  a hypothetically  perfect 
display 


t « visual  integration  time  (assumed  to  be  0.1  second) 

A£v  * video  bandwidth  in  hertz 

a « target  image  area  at  photosurface 

A « total  area  of  photosurface 

SKRy  « video  signal-to-noice  ratio. 

This  equation  shewe  that  by  Increasing  the  size  of  the  target  ab  it  ic 
imaged  on  the  phctoGurfacc,  it  io  possible  to  decrease  the  video  SNR  and 
:ill  maintain  the  same  SNR^j,.  If  it  could  be  shown  how  the  level  of 

required  for  perception  io  affected  by  the  size  of  the  target,  then  thin 
measure  would  be  useful  to  designers  ab  a means  of  specifying  the  trade- 
offs necessary  for  achieving  a given  level  of  performance.  It  will  be  seen 
then  threshold  SI'Rpj,  is  very  nearly  a constant  over  a considerable  range  of 

target  sizes. 

It  should  be  emphasized  that  the  SNR^  approach  in  used  to  calcu- 
late image  quality  for  a target  of  a specified  size;  it  is  not  an  overall 
measure  like  the  IfTFA  (to  bo  discussed  in  the  following  section),  which 
’escriboG  itasgo  quality  over  a range  of  spatial  frequencies.  The  SNil^ 

ze  calculated  for  the  particular  frequency  of  Interest,  which  is  one  of  its 
virtues  for  practical  applications.  Thu3  it  may  be  used,  for  example,  as 
a means  of  calculating  the  camera  field  of  view  necessary  to  make  the  image 
of  a tank  large  enough  to  be  detected  at  a particular  distance, 

Roscll  Grid  Willson  (1973)  report- on  a large  number  of  psychophysi- 
cal experiments  invcotigatlng  perceptual  ability  ao  a function  of  the  cal- 
culated S«5DI.  In  the  first  phase  of  this  research  they  ctudied  threshold 

detectability  of  aperiodic  targets,  such  ao  single  rectangles  and  squares. 
They  found  chat  for  these  tergeto  SNR,j_  was  a reliable  predictor  of  per- 
formance; ae  t.ha  size  of  the  targets  was  changed  considerably  tnc  SKRj^ 
required  for  .SO  probability  of  detection  stayed  very  nearly  the  same. 
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Hun;,  on  the  target  area  Increased,  subjects  could  tolerate  a greater  amount 
ol  noise  and  .‘Kill  maintain  the  name  level  of  performance.  Once  the  width 
ol  the  rectangle  or  oquare  subtended  more  than  about  0.5°  at  the  obaeiver'c 
eye,  a greater  SNRpj  van  necessary;  below  that  level,  however,  it  remained 

nearly  conntant  at  a value  of  app.oxiniately  2.8. 

Detection  performance  waa  also  studied  with  a oerleo  of  periodic 
(bur  pattern)  targets.  With  these  targets  it  vao  found  that  the  SNR^ 

needed  to  discern  the  pattema  on  50  percent  of  the  trials  decreased  slow- 
ly ao  the  spatial  frequency  of  the  bars  Increased.  This  reault  is  Illus- 
trated graphically  In  figure  4-17.  It  should  be  noted  that  the  calculation 
of  SNIlyj  wob  baaed  on  the  total  area  of  a single  bar  In  the  pattern. 


0 ICO  200  330  «0  EW 

.OAR  PATTERN  SPATIAL  FRE0UE  <CY  (LINES/PICT.  UT.I 

Figure  4-17.  Threshold  SNRpi  versus 
Bar  Pattern  Spatial  Frequency  for 
Three  Bar  Height-to-Width  ratios  of 
(f)  5:1,  (*)  10:3,  and  (O)  20:1 
(from  Resell  and  Willson,  1973) . 


R03ell  and  Willson  ncr.t  conducted  a scries  of  recognition  and 
identification  otudlcs,  in  which  static  images  of  military  vehicles  were 
viewed  against  either  a uniform  background  or  a terrain  background.  The 
approach  here  was  to  determine  the  SNRp^  level  needed  for  a given  level  of 
performance  when  viewing  the  actual  targets,  and  tc  relate  this  to  tho 
SNRpj  needed  to  detect  bar  patterns  whoue  frequency  waa  determined  from 

Johnson's  criterion  (sea  Section  4.2.1,  especially  Table  4-1).  For  example, 
Johnson  found  that,  on  the  average,  a target  could  be  recognised  when  its 
minimum  dimension  was  eight  times  the  width  of  a bar  in  a just  discrimi- 
nablc  bar  pattern.  Therefore,  in  calculating  the  of  the  vehicular 

targeto,  the  area  (a)  was  taken  ao  tho  area  of  o rectangle  whose  length  was 
the  same  ao  the  vehicle,  and  whose  width  was  1/8  that  of  the  vehicle.  The 
area  (a)  for  the  equivalent  bar  pattern  had  the  some  numerical  value,  as 
it  was  also  based  on  the  width  of  a oingle  bar. 
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Tin*  result  of  these  experiments  was  that,  when  SNR^j.  value#  were 

calculated  in  the  manner  described  above,  the  SNR^  required  to  recognize 

or  identify  a real -world  target  was  very  nearly  the  same  aa  that  required 
to  discern  the  equivalent  bar  pattern.  This,  in  csacncc,  confirms  Johnson's 
finding  that  there  is  a consistent  relationship  between  the  two  kinds  of 
targets.  As  Koscll  and  Willson  point  out,  the  reason  for  basing  the  SNR^ 

calculations  on  the  Johnson  criteria  la  so  that  the  image  detail  can  be  ex- 
pressed in  terms  o£  a spatial  frequency;  thus,  t \e  amount  of  drop  in  the 
signal  amplitude  at  high  spatial  frequencies  (d  e to  the  aperture  response 
of  the  sensor)  can  be  calculated  and  used  in  Ch..  determination  of  SNity. 

The  results  of  the  above  series  of  experiments  are  presented  in 
Table  4- IV.  Tills  cable  presents  the  best  estimate  cut- **.«,.  ly  available  for 
Che  SNRjj^  required  for  various  levels  of  discrimination.  The  third  column 

presents  the  bar  pattern  density  which  was  used  to  calculate  SNFLj}  the  re- 
maining four  columns  present  required  SNi^  for  targets  of  different  sites, 

expressed  as  the  spatial  frequency  of  the  equivalent  bar  pattern.  The 
threshold  values  given  are  for  0.50  probability  of  correct  performance;  to 
convert  to  onother  probability  level,  Figure  4-18  may  be  used.  It  should  be 
noted  that  aa  either  the  discrimination  level  or  the  background  complexity 
increases,  the  variability  in  SNR^  also  increases,  hence  accuracy  of  per- 
formance prediction  decreases. 


TABLE  4-IV 

Best  Estimate  of  Threshold  SKR^  for  Detection, 

Recognition,  end  Identification  of  Images 
(from  Roncll  and  Willson,  1973) 


Piscrirsinetlon 

Back- 

ground 

K a* 

TV  Lines 
par 

Minimum 

DisonBlon 

Threshold  SNRpj  for 

Single  Bar  of  Sputli 
Frequency 

(In  Hnes/plcture  hoif 
Equal  to 

e 

)1 

jht) 

' 100 

300 

500 

700 

Detection 

Uniform* 

1 

2.8 

2.0 

2.8 

2.6 

Detection 
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Figure  4-18.  Probability  versus  Normalized  SNR  . 

For  any  probability  value,  obtain  SNRdi  from 
Table  4-IV  for  50%  probability.  Find  value  of  k 
for  desired  probability  and  multiply  value  of 
SNRpl  by  k to  obtain  new  valuo  of  SNRdi  required 
(from  Resell  and  Willson,  1973). 

Note  that  the  above  technique  for  determining  whether  the  re- 
quired level  of  performance  will  be  achieved  in  a given  situation  has  cer= 
tain  advantages  over  the  application  of  Johnoon!s  criteria  (as  described 
in  Section  4.2.1),  even  though  it  is  partly  based  on  those  criteria.  To 
begin  with,  it  io  more  objective,  for  it  does  not  require  cctually  deter- 
mining the  limiting  resolution  of  the  system,  as  must  be  done  in  order  for 
Johnson 'a  criteria  to  be  applied,  (The  procedure  for  determining  the  limit- 
ing resolution  is  inherently  unreliable,  since  it  is  based  on  oubjective 
observations,  a email  number  of  observers,  and  nonatandardised  test  proto- 
cols.) Instead,  SNR^j  can  be  directly  derived  from  physical  parameters  of 

the  eyatem,  the  target,  and  the  environment.  A second  advantage  la  that 
this  predictive  measure  incorporates  video  SNR,  which  is  known  to  affect 
performance  (sea  Section  4.2.7).  Johnson,  on  the  ether  hand,  merely  speci- 
fied that  SNR  must  be  "sufficient"  in  order  for  hio  approach  to  be  valid, 
a requirement  that  io  sometimes  overlooked  by  those  applying  his  criteria. 
Third,  Johnaon  also  specified  that  the  contrast  of  the  resolution  test 
pattern  be  the  same  as  that  of  the  target;  as  discussed  in  Section  4.2.1, 
this  requirement  io  also  sometimes  forgotten.  In  the  esse  of  SNll^j,  how- 
ever, thia  does  not  present  a problem  since  target  contrast  enters  into  the 
formulation  of  SHRy. 

It  should  be  clear  from  the  brief  treatment  given  to  SNR^  in 

this  section  that  it  io  potentially  a very  useful  approach  to  specifying 
and  predicting  image  quality.  For  instance,  if  a.  designer  io  able  to  make 
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some  assumptions  about  target  size,  target  and  background  reflectances, 
level  of  scene  irradiance,  and  atmospheric  transmission  factors,  he  could 
calculate  whether  a particular  sensor  field  of  view  would  be  adequate  for 
identifying  the  target  at  a particular  range,  when  those  system  parameters 
that  would  determine  SNR^  are  known.  This  approach  coull  g160  be  used  to 

compare  the  performance  of  different  sensors  in  specific  situations.  An 
example  of  tills  application  is  provided  by  Rosell  (in  Biberman  and  Nudelman, 
1971,  Vol.  2),  who  calculates  SNR^j.  for  five  different  types  of  sensors. 

It  should  also  be  noted  that  although  SNR^j  in  generally  discussed  in  the 

context  of  television  systems,  it  may  be  modified  for  use  with  infrared 
'systems.  Tor  the  details  of  this  modification,  6cc  Sendall  and  Resell 
(1972). 


Finally,  it  is  appropriate  to  point  out  that  the  concept  of  SNR^ 

is  still  relatively  new,  and  that  a great  deal  of  further  work  is  required 
to  refine  it  end  to  extend  ita  usefulness.  For  example,  Rosell  and  Willson 
note  that  there  are  differences  in  the  way  signal  amplitude  was  measured 
for  the  vehicular  targets  and  the  bar  patterns.  Techniques  may  eventually 
become  available  which  minimize  these  differences  and  increase  the  correla- 
tion between  threshold  SNRpj  values  for  the  two  kinds  of  targets.  In  addi- 
tion, of  course,  much  can  be  done  to  investigate  a wider  range  of  targets, 
seen  against  a greater  variety  of  backgrounds,  with  more  realistic  tcoka 
required  of  the  observer,  etc.  Some  of  this  effort  involves  extending 
Johnson's  criteria,  since  calculation  of  SKR^  depends  on  knowledge  of  the 
equivalent  bar  pattern. 

4.3.2  Modulation  Transfer  Function  Area  QfTFA) 


The  modulation  transfer  function  area  (MTPA)  is  another  summary 
measure  of  image  quality  that  has  recently  been  shown  to  be.  a good  predictor 
of  observer  performance  with  line-scanned  imagery.  Unlike  Stilly,  thi3  con- 
cept was  originally  developed  for  uao  in  the  photographic  industry  (see 
Charmsn  and  Olln,  1965;  Borough,  Fallis,  Wcrnock,  and  Britt,  1967),  and  was 
later  extended  for  use  with  electro-optical  systems.  Although  cha  differ- 
ences between  IfTFA  and  SNR^  are  ntaaorous , it  will  be  seen  that  ultimately 

they  am  closely  related. 

The  KIFA  is  a way  of  expressing  image  quality  in  relation  to  the 
visual  requirements  of  the  observer . Although  the  modulation  crans£.-.f  fur:C“ 
Elen  (r*T?  — * see  Chapter  2)  is  a valuable  technique  for  describing  the 
ability  of  a system  to  transmit  an  image,  it  says  nothing  about  the  quality 
of  that  image  as  it  relates  to  what  is  lissdsd  by  the  observer  in  order  to 
extract  information.  For  example,  two  TV  eyotems  with  identical  HI'?’ a, 
yet  with  different  gammas  or  different  amounts  of  noise,  my  not  bs  identi- 
cal with  respect  to  observer  performance.  The  MTFA  attempts  to  account  for 
these  differences  by  incorporating  a measure  of  the  observer's  threshold 
sensitivity  for  patterns  produced  by  the  system  being  evaluated. 
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I'- inure  4-19  shows  that  the  MTI'A  is  tlu>  area  in  between  the  system 
MTF  and  the  detection  threshold  curve  of  an  observer  viewing  patterns 
imaged  by  that  system  (or  under  predicted  conditions  typical  of  that  system) . 
The  system  MTF  may  be  determined  readily,  according  to  established  nrocedures. 
The  threshold  curve,  however,  is  often  difficult  to  determine  other  than  by 
testing  a number  o£  subjects  under  the  conditions  being  evaluated;  this  is 
one  reason  why  the  HTFA  is  not  yet  widely  employed  as  an  evaluative  tool. 

In  the  case  of  photographic  research  this  problem  is.  not  too  severe,  for 
some  generalized  threshold  curves  are  available,  which  nay  be  adjusted 
according  to  known  parameters.  For  example,  the  system  gamma  affects  the 
shape  of  the  curve  at  low  spatial  frequencies;  object  contrast  modulation 
affects  the  vertical  positioning  of  the  curve;  and  film  granularity  affects 
its  horizontal  positioning  (sec  Snyder,  1973,  for  a brief  discussion  of 
these  adjustments). 


Figure  4-19.  Modulation  Transfer  Function 
Area  (MTFA)  (From  Snydor,  1972). 

With  respect  to  line-Gcanned  imagery,  however,  no  simple  procedure 
is  now  available  for  estimating  these  curves;  instead,  they 'currently  must 
be  derived  empirically.  There  is  a need  for  an  oxtenoive  set  of  such 
curves,  covering  a wide  variety  of  imaging  system  characteristics , which 
may  be  utilized  by  those  wishing  to  make  KTFA  calculations.  Workers  in 
Snyder’s  laboratory  at  VPI  have  made  considerable  progress  in  this  direc- 
tion, and  this  research  is  briefly  summarized  below. 


The  most  extensive  study  to  determine  line-seen  contrast  thresholds 
has  been  UiaE  o£  Kueueu  <1372).  11-3  determined  system  square-wave  responses 

and  threshold  functions  for  a TV  system  operated  at  three  combinations  of 
bandwidth  and  line  density:  32  MHz  vlth  1225  lines  per  frame;  16  Ifltz  with 

945  lines;  and  8 MHz  with  525  linen.  For  each  of  the  above  combinations, 
detection  thresholds  wero  found  for  a variety  of  noise  passbenda,  turget 
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modulation!},  and  target  spatial  frequencies.  It  is  important  to  note  that 
these  experiments  were  conducted,  not  with  sine  wave  patterns,  but  with 
square  wave  (USAF  tribar)  targets.  This  was  done  largely  because  of  the 
difficulty  of  producing  accurate  reproductions  of  sine  wave  intensity 
variation!}.  (Any  KTFA  calculated  on  the  basis  of  square-wave  data  will  be 
designated  MTFA  . ) 


Figure  4-20  presente  some  representative  data  from  Keesee1 s study. 
Obtained  with  the  32  HHz/1225  line  system,  and  a noise  paosband  of  0-20 
MHz,  these  data  illustrate  the  relationships  found  throughout  this  experi- 
ment. As  expected,  the  amount  of  noise  that  must  be  added  to  the  signal 
in  order  to  obscure  the  tribar  pattern  will  increase  as  the  target  modula- 
tion increases,  and  us  the  target  spatial  frequency  decreases.  Although 
some  of  the  curves  show  a leveling-off  at  higher  modulations,  Keesee  showed 
that  linear  regression  equations  fit  the  data  well,  with  multiple  correla- 
tion coe».vicients  of  0,90  or  higher. 


SQUARE  VAVE  N30VUTlG:f,  CRT 

Figure  4-20.  Detectability  Threshold  Means 
(adapted  from  Keesee,  1972). 


Tills  study  represents  an  important  first  step  in  developing  a data 
base  for  the  calculation  of  KTFA  under  a variety  of  conditions.  But  as  the 
author  pointa  out,  the  daua  ave  still  of  limited  uaefuined'o,  due  primarily 
to  difficulties  in  controlling  anu  $sc&surlng  bees  spot  else  and  raster 
stability.  Thus  at  the  present  tisie  the  information  is  not  available  for 
determining  the  KTFA  of  a particulex  system,  without  actual ’/  performing 
the  necessary  psychophysical  experiments  using  that  system. 
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In  spite  of  the  till f iculties  In  calculating  the  MTFA,  recent 
experimental  work  has  shown  that  it  correlates  v/ell  v/lth  measures  of  ob- 
server performance.  Thus,  it  appears  to  be  a valid  indicator  of  overall 
image  quality.  Kxper intent u to  establish  this  relationship  have  been  per- 
{ formed  both  with  photographs  and  with  television  images.  The  photographic 
work,  summarized  by  Snyder  (1973a),  has  shown  that  the  MTFA  correlates  highly 
(i.e.,  above  0.90)  with  (a)  subjective  estimates,  made  by  trained  image 
.interpreters,  of  the  quality  of  reconnaissance  photographs;  and  (b)  the 
ability  of  observers  to  extract  information  from  these  photographs  (Borough 
et  al.,  1967;  Klingbcrg,  Elworth,  and  Filleau,  19/b) . 
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In  the  case  of  line-scanned  imagery,  evaluation  of  the  validity  of 
the  MTFA  has  involved  correlation  of  the  MTFASQ  with  observer  performance, 
both  with  dynamic  aerial  reconnaissance  films  and  with  static  photographs 
of  human  faces  (Snyder,  1972).  In  the  first  study,  subjects  were  asked  to 
search  for  pre-briefed  targets  while  watching  films  on  a closed-circuit  TV 
system  with  one  of  five  levels  of  noise  addea  to  the  picture.  The  results, 
when  averaged  over  all  subjects  and  targets,  showed  that  the  OTPA^,  calcu- 
lated at  different  noise  levels,  was  correlated  highly  with  the  probability 
of  target  recognition  (0.965);  the  correlation  with  recognition  slant  range 
was  substantially  lower  (0.76).  In  the  facial  recognition  experiment,  sub- 
jects tried  to  identify  the  face  displayed,  by  comparing  it  with  faces  in 
a set  of  35  pictures.  A variety  of  line  numbers,  bandwidths,  and  noise 
levels  were  studied.  Again,  the  averaged  performance  scores  showed  good 
correlation  with  MTFAon,  in  terms  of  both  accuracy  and  speed  of  response. 

These  experiments  have  demonstrated  that  the  MTFA  concept,  modi- 
fied for  application  to  video  systems  (MTFA,.^) , is  o reliable  and  valid 
overall  predictor  of  how  v*oll  subjects  car.  extract  Information  from  a 
variety  of  image  shapes,  oizea,  contrasts,  etc.  The  problem,  however,  of 
predicting  performance  with  any  one  particular  target  is  much  more  diffi- 
cult, To  date,  attempto  to  distinguish  among  targets  by  calculating  MTFA’s 
for  particular  targets  and  correlating  these  with  performance  have  not  been 
very  successful,  There  is  no  ready  solution  to  this  problem,  for  it  is 
basic  to  any  technique  that  relies  oimply  on  sooo  measure  of  average  modula- 
tion, and  ignores  the  many  small  internal  details  of  the  target,  on  which 
the  subject  often  bases  his  discriminations  (these  problems  are,  of  course, 
equally  inherent  in  the  SHR-^  concept.) 


Finally,  it  is  interesting  to  note  the  similarity  between  MTFA  and 
another  image  quality  measure,  (cf.  Section  A, 3.1).  Although  they 

seem  better  suited  for  different  purposes,  Snyder  ct  al.  (1973)  hava  noted 
that  the  two  measures  can  be  shown  to  be  closely  related,  end  hence  probably 
are  equally  valid  meaGurae  of  overall  image  quality.  Their  analysis,  baaed 
on  earlier  work  presented  bv  Biberman  et  al.  (1971),  is  illustrated  by  the 
curves  presented  in  Figure  4-21.  The  shaded  areas  in  the  two  curves  are  equiv- 
alent, showing  that  the  difference  between  a system's  SNRpj.  and  the  observer's 

threshold  SNRqT  requirement,  integrated  across  ell  usable  spatial  frequen- 
cies, is  similar  to  that  system’s  MTFA.  The  above  la  strictly  true  only  if 
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the  MTFA  is  b.tacd  on  nine-wave  (not  square-wave,  patterns,  if  gamma  is 
equal  to  1,0,  and  if  optimum  viewing  conditions,  viewing  times,  and  dis- 
play magnifications  are  assumed.  This  result  does  not  suggest  that  the  two 
measures  may  be  used  interchangeably,  but  merely  that  they  can  be  viewed 
within  a common  framework.  For  the  present,  at  least,  it  appears  that  both 
measures  have  their  strong  features  that  make  them  better  suited  to  annwer 
different  types  of  queetions.  The  MTFA  can  be  used  to  answer  such  a ques- 
tion as:  "Which  system,  on  the  average,  will  result  in  the  beat  operator 

performance  with  a variety  of  targets,  seen  at  various  distances?"  Since 
the  MTFA  is  a composite  score  for  a wide  range  of  frequencies,  It  can  deal 
with  questions  where  target  spatial  frequencies  are  unknown  or  unspecified. 
Such  questions  are  important  in  the  early  stages  of  development  of  oyHtems 
that  are  designed  for  general  applicability  In  many  different  occnarioo, 
or  for  an  overall  estimate  of  system  utility  for  situations  In  which  the 
user's  applications  are  ill  defined. 


DETECTABILITY 

THRESHOLD 


S / \ '//////// 

2 /o/(SHR„  • SHR0I(T)<i!f 


5NKDI , 
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LIKES  PER  PICTURE  HEIGHT 


H,  TV  LIKES  PER  PICTURE  HEIGHT 


Figure  4-21.  Comparison  of  SNApi  and  MTFA 
(from  Snyder  et  al,,  1973). 

Tha  SN8jj-t  on  the  other  hand,  appears  better  suited  to  answer  a 

question  of  this  type:  "Will  this  system  permit  a tank  to  be  recognized 

at  3 kilometern?"  If  Johnson's  criterion  io  known,  th©  SHRpj  can  be  cal- 
culated on  the  basis  of  the  target 'a  equivalent  bar  pattern,  ana  tho  result 
compared  with  the  empirically-determined  threshold  requirements  for  that 
type  of  task  (cf.  Table  4-IV).  The  ability  to  answer  this  typa  of  ques- 
tion ie,  of  course,  also  valuable  to  3>eteo  designers  in  many  instances. 

The  selection  of  which  measure  ie  used  depends  upon  the  design  or  evalua- 
tion objective  of  the  u3er.  Thus  at  the  present  tiao  both  these  measures 
have  considerable  utility,  and  both  should  be  developed  further  in  order 
that  their  applicability  and  precision  may  be  increased, 


This  report  has  presented  research  results  concerning  the  effects 
of  many  imaging  system  parameters  on  target  acquisition  performance.  Soma 
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of  those  paraiaetcru  were  shown  to  bo  of  groat  importance,  while  others  were 
touiul  to  have  slight  or  uncertain  effects  on  the  observer's  proficiency. 
Often  the  results  from  different  experiments  did  not  totally  agree;  in  most 
cases  several  variables  were  found  to  interact  in  a complex  fashion,  so 
tl'.at  simple  conclusions  seldom  emerged.  Throughout  this  report  the  attempt 
has  been  made  to  show  where  the  data  were  moat  needed,  and  where  additional 
research  effort  should  be  directed.  Of  course,  it  is  axiomatic  that  every 
area  needs  more  study;  reports  are  never  ended  without  the  statement  that 
further  research  is  necessary.  Nevertheless,  it  is  possible  to  assign 
priorities.  The  following  list  presents  a fov  areas  where  further  human 
factors  research  may  result  in  substantial  improvement  in  target  acquisition 
capabilities,  or  where  additional  data  may  be  of  benefit  to  the  greatest 
number  of  designers  or  researchers. 

- As  indicated  in  Section  4.2.1,  the  approach  taken  by  Johnson 
(1958)  should  be  extended  to  more  situations.  The  equivalent  bar  pattern 
for  detection,  recognition,  and  identification  should  be  determined  as  a 
function  of  such  variables  as  target  background  type,  viewing  perspective, 
target  motion,  search  requirements,  and  viewing  time  limitations.  Such  a 
program  of  research  would  be  valuable  not  only  because  it  would  permit  the 
application  of  Johnoon'a  criteria  in  more  representative  situations,  but 
also  because  it  would  extend  the  usefulness  of  the  SNR^  concept,  which 

presently  bases  many  of  its  calculations  on  Johnson's  criteria. 

- Effort  should  be  continued  on  the  development  and  refinement  of 
summary  meaaureo  of  image  quality,  such  as  those  discussed  in  Section  4.3, 
in  order  to  increase  their  reliability  and  validity  as  predictive  tools. 

- The  usefulness  of  the  spot  wobble  technique  should  be  explored 
further  in  a target  acquisition  program.  As  discussed  in  Sections  q,2.3 
and  4,2.17,  the  use  of  some  technique  such  as  this  to  decrease  the  visi- 
bility of  the  raster  structure  on  a display  may  permit  the  observer  to  gain 
additional  information  that  was  previously  being  masked. 

- The  related  topics  of  frame  rate  (Section  4.2.8)  and  Image  frame 
integration  time  (Section  4.2,10)  should  be  given  further  study.  Reelietic 
experiments  should  be  done  to  determine  those  operational  conditions  under 
which  frame  rate  can  be  safely  reduced  without  substantially  degrading  per- 
formance. At  the  some  time,  the  consequences  of  reducing  Image  frame  '’..Ba- 
gration time  should  be  studied,  os  a way  of  decreasing  image  smear  wnen  the 
frame  rate  is  too  slow, 

Other  reviewers  have  their  own  ideas  as  to  where  the  research 
efforts  should  be  focused.  Hairfield  (1970)  hao  suamrited  a large  num- 
ber of  classified  end  unclassified  studies,  »t;d  hna  assigned  research 
priorities  to  the  parameters  he  covered.  The  following  quotations  repre- 
sent his  thoughts  concerning  the  five  imaging  system  parameters  to  which 
he  assigned  the  highest  priority, 

"Signal  to  Noise  Ratio,  The  experimental  literature  suggests 
that  acquisition  performance  is  significantly  degraded  when  the  signal 
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to  noise  ratio  drops  below  a value  which  Ilea  somewhere  between  16  and 
25  db.  Additional  research  Is  required  to  determine  signal  to  noise 
ratio  requirements. 

"Horizontal  Resolution.  The  experimental  literature  does  not 
indicate  the  point  at  which  recognition  performance  reaches  anymptote  nr. 
horizontal  resolution  is  increased.  Horizontal  resolution  uhould  be 
studied  in  interaction  with  vertical  resolution. 

"Number  of  tV  Scan  Lines  Subtending  the  Target.  The  scan  line 
requirements  for  target  acquisition  which  are  assumed  in  a number  of  mathe- 
matical models  arc  based  on  meager  data  from  early  research  and  need  addi- 
tional study.  This  scan  line  measure  of  vertical  resolution  should  be 
studied  in  interaction  with  the  variable  of  horizontal  resolution.  Also, 
data  are  needed  concerning  the  interaction  between  the  requirements  for 
resolution  and  those  for  target  angular  subtense,  signal  to  noiLe  ratio, 
and  search  time. 

"Display  Size.  Display  size  requirements  are  often  based  on 
'rule  of  thumb*  figures  taken  from  early  studies  which  related  resolu- 
tion, viewing  distances,  and  display  height  requirements  for  TV  entertain- 
ment viewing.  Display  size  should  be  studied  in  interaction  with  these 
same  variables  with  emphasis  on  viewing  requirements  for  target  acquisi- 
tion. 


"Field  of  View.  The  experimental  literature  indicates  that  a dis- 
play which  provides  a horizontal  field  of  view  which  is  variable  from  about 
3 to  50  degrees  will  provide  adequate  scene  coverage  for  both  target 
acquisition  and  flight  control  functioning.  However,  very  lict3.e  is  known 
about  the  optimum  values  within  this  range  for  specific  tacks  such  as  aerial 
refueling,  terrain  avoidance,  and  landing.  Additional  data  are  also  needed 
pertaining  to  the  usefulness  of  the  dual  field  of  view  concept  in  which  the 
area  surrounding  the  crosshairs  is  expanded  and  presented  in  one  of  the 
corners  of  the  display." 

The  preceding  list  was  presented  os  an  illustration  of  a (some- 
what different  viewpoint,  although  the  present  reviewer  is  not  in  com- 
plete agreement  with  this  selection  — particularly  with  regard  to  horizon- 
tal resolution.  It  is  felt  that  this  parameter  can  now  probably  bo  better 
handled  in  the  context  of  the  summary  image  quality  measures  discussed  in 
Section  4.3. 

Erickson  (1971)  has  also  made  a number  of  recommendations,  specifi- 
cally with  regard  to  television/ research.  His  listing  of  both  general  and 
specific  suggestions  concerning  the  direction  of  future  target  acquisition 
research  is  presented  in  part  below. 

1.  Only  multi-variable  reaearch  should  be  (supported.  Experi- 
ments should  include  several  levels  of  important  factors, 
e.g.,  targets,  velocity,  and  briefing.  These  levels  need 
not  all  ba  encountered  in  any  one  application,  but  their 
inclusion  would  broaden  the  applicability  of  the  results. 
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2.  Research  should  be  conducted  to  relate  engineering  character- 
istics and  so-called  summary  measures  of  TV  systems  to  the 
usefulness  of  the  ays tern. 

Contrary  to  popular  opinion,  this  relationship  is  not  well 
established.  Some  evidence  indicates  that  once  above  some 
lower  boundary,  image  quality  has  a small  effect  upon  per- 
formance compared  with  other  system  parameters. 

3.  Standardized  teat  material  must  be  specified  and  produced  for 
use  by  all  researchers.  These  tests  would  be  used  to  des- 

. cribe  the  TV  system  being  used  in  the  research.  Procedures 
must  be  defined  for  gathering  and  presenting  these  standard- 
ized system  descriptions. 

4.  A range  of  evaluation  tests  should  be  devised,  which  would 
consist  of  measures  of  system  usefulness  rather  than  engineer- 
ing characteristic  specifications. 

5.  Until  performance  is  highly  predictable  from  engineering 
characteristics  (if  ever),  good  quality  photographs  of 
primary  imagery  and  TV  display  used  in  experiments  should  be 
included  in  every  research  report. 

Specific  studies  which  would  be  done  (under  Recommendation  2)  are: 

1.  The  definition  and  measurement  of  target-background  contrast 
should  be  standardized  in  psycbophyoically  meaningful  terms. 

2.  An  improved  method  for  measuring  and  specifying  contrast  rendi- 
tion, or  ohadea  of  gray  of  TV  systems  should  be  developed. 

3.  A 3eries  of  studies  should  be  conducted  to  estebllGh  the  varia- 
tion in  operator  performance  as  a function  of  the  variation  in 
interlace  and  frame  rate.  Commercial  values  have  been  accepted 
in  many  military  systems;  although  expedient,  this  may  not  be 
the  most  optimum  procedure. 

4.  An  analytic  and  experimental  program  Ghould  be  conducted  to 
develop  poychophyoically  meaningful  definitions  of  noise  in  TV 
systems.  Current  definitions  do  not  include  frequency  and 
structure  of.  the  noise  (visual  structure)  aa  related  to  the 
scene  being  viewed. 

5.  A study  should  be  conducted  to  analytically  describe  the 
effects  of  motion  on  TV,  and  to  verify  the  predictions  ex- 
perimentally, 

6.  The  validity  in  extrapolating  static  data  to  the  dynamic  con- 
dition has  not  been  established.  The  relationship  between 
operator  performance  on  static  imagery  and  performance  on 
dynamic  imagery  should  be  defined. 
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In  conclusion,  n reminder  is  perhaps  in  order,  as  a way  o£  keeping 
the  material  covered  in  this  chapter  in  itii  proper  perspective.  Much  of*  • , 
the  work  discuused  hero  has  shown  that  without  question  a number  of  imaging 
system  parameters  strongly  influence  the  observer’s  target  acquisition  per- 
formance, Nevertheless,  it  should  not  be  forgotten  that  there  arc  other 
factors  (cf.  Chapters  3 and  5)  that  are  even  more  important  in  determining 
the  observer's  overall  level  of  performance.  Some  of  these  factors  are  of 
such  overriding  significance  that  slight  variations  in  them  can  easily  mask 
the  effects  of.  many  variables  '...scussed  in  this  chapter.  The  implication 
of  this  fact  is  that  the  people  who  do  experiments  and  who  are  responsible 
for  providing  designers  with  human  factors  data  need  to  be  cure  that  the 
data  they  provide  are  representative  of  the  type  of  task  for  which  the  oys- 
tern  is  designed.  Essentially  this  amounts  to  a plea  for:  (a)  high  realism 

in  the  experiments  performed,  by  employing  terrain  tables,  high-resolution 
motion  picture  simulation,  or  live  flights  when  feasible;  (b)  multi-variable 
research  in.  which  the  relationships  between  several  critical  variables  may 
be  determined;  and  (c)  caution  In  preparing  summary  charts  and  nomographs 
which  overly  simplify  the  data,  thus  presenting  c.  risk  of  being  used  inap- 
propriately. 
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CHAPTER  FIVE 
VISUAL  SEARCH 


5.1  Introduction 


Search  is  necessary  when  a target  cannot  be  located  immediately.  If 
a target  is  perceptually  prominent  it  usually  will  be  detected  with  little 
search  required.  The  subject  of  interest  in  this  chapter  io  direct  visual 
search  of  the  target  area  by  the  observer;  what  variables  affect  the  search 
and  acquisition  of  targets?  While  this  chapter  is  largely  concerned  with 
operational-type  data  it  also  notes  that  laboratory  data  necessary  to  help 
understand  the  problem,  The  emphasis  is  on  the  operator  and  his  "sensor", 
the  eyeball,  in  visual  search.  Those  variables  in  the  target,  geometry  and 
environment  areas  that  affect  search  performance  are  noted,  Finally,  the 
secondary  variables  that  may  affect  the  search  process  and  the  posaible 
aids  to  search  are  considered.  At  this  point  a quote  from  Morris  is  worth 
noting:  "Other  sensor  systems  might  supplement,  but  will  never  supplant 

the  human  eye  strategically  and  tactically".  (Morris,  1959,  page  vi). 

There  are  three  general  types  of  target  acquisition  search  situations 
(Teichr.er  and  Krebs,  1972): 

(1)  The  observer  knows  approximately  where  the  target  Ib  located,  but 
does  not  know  when  it  will  appear.  This  is  a condition  of  temporal  uncer- 
tainty. When  the  target  docs  appear  it  is  usually  of  relatively  short  du- 
ration and  can  be  easily  missed  if  the  observer  Ip  not  searching  at  that 
location  and  at  that  time. 

Operationally  in  this,  the  lino  search  situation,  the  observer  is 
searching  for  a known  target  or  along  a known  route  for  expected  targets. 
Thus,  when  searching  for  a bridge  which  has  a known  location  it  may  be  neces- 
sary to  fly  in  at  a low  level  or  by  a defiladed  route.  When  the  bridge 
"appears"  it  is  unmasked  for  only  a short  time.  Similarly  when  engaged  in 
route  reconnaissance  the  observer  will  search  along  a known  road  or  trail 
for  a vehicle  on  that  route.  In  both  cases  the  availeble  time  to  acquire 
is  short.  If  the  observer  is  not  "set"  to  find  a certain  type  object  and  . 
is  not  looking  at  the  moat  likely  location,  the  target  way  be  missed, 

(2) -  The  target  is  known  to  be  in  a certain  area,  but  ics  exact  position 
is  unknown.  In  this  situation  the  target  usually  remaina  in  position  at 
least  until  it  is  detected.  What  is  unknown  is  its  exact  location.  Opera- 
tionally this  is  the  area  search  situation.  Search  for  known  targets  some- 
where in  an  area  Is  typically  that  of  pin-pointing  the  location  of  a surface- 
to-air  missile  or  gun  position  in  a wooded  area. 
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(3)  The  third  situation  If?  when  the  target  if?  unknown  in  both  location 
and  time.  Operationally  thia  oituation  is  often  conaidcred  typical  of 
moat  search  operations.  Actually,  it  is  really  very  rare  that  nothing  i8 
known  about  the  area  to  be  ncarched  or  about  the  target  for  which  the  obser- 
ver is  searching.  When  this  does  happen,  the  actual  probability  of  finding’ 
targets  can  be  expected  to  be  very  low, 

5. 2 Search  Patterns 


Observers  all  have  both  natural  and  learned  search  patterns  in  the 
process  of  target  acquisition.  Search  patterns  consist  of  a sequence  of 
visual  fixations,  eventually  stopping  at  the  target.  Figure  5-1  diagrams 
the  general  process  of  search  (Williams.  1973). 
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Figure  5-1.  The  General 
Search  Process 
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5.2.1  Natural  Pattern!) 


The  natural  patterns  of  ocnrch  depend  upon  the  fixations  of  the  eye. 

When  an  observer  is  engaged  in  visual  search  hu  does  not  scan  smoothly  over 
the  area,  although  that  is  his  subjective  impression.  Instead  hia  eyea  jump 
rapidly  from  one  position  to  another.  During  the  jumpo  (eaccades)  the  re- 
tinal image  is  blurred  and  there  is  a reduction  in  visual  oensitivity.  We 
acutely  perceive  the  visual  field  only  when  we  fixate.  As  a result  a number 
of  studies  have  been  directed  toward  investigating  the  pauses  or  fixation 
periods  between  saccades  as  this  process  affects  target  acquisition. 

Data  from  Williams  (1966,  1967)  show  chat  the  path  of  movement  of  the 
eyes  and  the  stopping  point  during  visual  search  are  largely  determined  be- 
fore the  movement  begins.  He  suggests  that  the  centers  of  subsequent  fix- 
ations are  usually  chosen  on  the  basis  of  what  is  seen  peripherally.  When 
searching  for  targets  observers  tend  to  look  at  (fixate)  objects  which  appear 
to  have  the  specifications  (size,  shape,  contrast,  color)  they  expect  the 
target  to  have. 

Laboratory  data  indicate  that  the  mean  fixation  time  approximates 
0.33  second  for  large  (50  to  90  degrees,  visual  angle)  display  areas. 

(Ford,  White  and  Lichtenstein,  1959;  White  and  Ford,  1960;  Enoch,  1959). 

For  email  displays  (under  9 degrees,  visual  angle)  the  mean  duration  of 
fixations  increased  sharply  to  0.60  second,  Enoch  (1959)  also  found  that 
for  a email  display  area  (less  than  9*  visual  angle)  n high  percentage  of 
fixations  fell  outcide  the  search  area  (almost  50  percent  for  a 6°  display 
and  75  percent  for  a 3*  display),  Enoch  Buggesto  that  there  are  at  least 
two  natural  phases  to  Bcarch.  First,  in  on  orientation  phase  observers 
tend  to  repent  a characteristic  random  pattern  of  fixations.  In  the  second 
phase,  they  either  use  possible  cues  or  expand  the  basic  search  pattern  if 
no  cues  arc  present. 

Eye-movement  patterns  in  air-to-ground  target  acquisition  when  uaing 
a motion  picture  simulator  dynamic  dioplsy  have  been  reported  by  Snydor 
(1973).  A high  proportion  (80-90  percent)  of  the  fixation  points  fell  in 
a small  portion  (o  percent)  of  the  visual  ocens.  Theses  fixations  were  con- 
centrated near  the  horizon  in  the  center  of  the  field  of  view.  Tha  eye 
fixations  tended  to  occur  in  certain  types  of  terrain  (e.g.,  clearings, 
roads)  rather  than  in  random  or  geometric  patterns.  The  subjects  who  tend- 
ed to  have  shorter  eye  fixation  times  also  tended  to  report  longer  target 
acquisition  ranges. 
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61  meters  altitude)  prebriefed  target  acquisition  mission  at  360  knots 
(667  Km/HR) /speed.  A wide-angle  projection  of  JTF-2  test  films  was  used. 

Eye  movements  were  recorded  for  the  right  eye  only.  Results  indicate  that 
observers  with  shorter  fixation  times  tended  to  be  superior  in  target  acqui- 
sition, although  the  email  sample  does  limit  this  inference.  Fixation  dur- 
ations were  about  the  sane  as  those  reported  by  White  and  Ford  (1960),  i.c,, 
0.30  to  0.60  second.  The  search  patterns  were  also  related  to  target  and 
terrain  characteristics;  75  percent  of  nil  fixations  wer"  on  objects  the 
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obsorveru  reported  j»h  being  related  to  the  aearched-for  target.  Thun , Snyder 
concludon  that  the  characteristics  of  the  target  surrounding  area  ore  at 
least  as  important  ns  the  target  in  directing  eye  movements.  Figure  5-2 
shows  a typical  plot  by  Snyder  of  eye  fixations  in  frequency  and  duration, 
os  compared  with  that  of  White  and  Ford. 


Figure  5-2.  Frequency  Distribution  of  Eye 
Fixation  Times 


Tn-flight  studies  of  eye  movement  during  actual  field  tesE3  of  target 
acquisition  havo  not  yet  been  reported. 

The  questions  of  interest  are  yet  unanswered:  How  much  performance 

improvement  could  be  obtained  by  training  observers  in  more  officiant  eye 
movement  patterns?  Can  natural  rates  of  eye  fixation  be  used  to  help  se- 
lect superior  target  acquisition  observers? 

5.2.2  Learned  Patterns 


While  the  datn  on  natural  and  learned  eye  movement  search  patterns 
are  inconclusive  come  experimental  data  on  learned  search  techniques  for 
target  acquisition  are  available. 

Training  in  scanning  patterns  of  search  probably  is  effective,  Thomas 
and  Caro  (1962)  evaluated  search  patterns  to  be  used  by  Army  observers  en- 
gaged in  low  altitude,  slow  apeejl  target  acquisition.  They  report  chat 
performance  wao  directly  related  to  the  type  of  search  pattern  the  obser- 
vers were  instructed  to  use,  Head  movement  directing  the  lino  of  sight  from 


i i)  f* r ***''  ***** 


the  horizon  Abeam  the  aircraft  Inward  toward  the  aircraft  and  back  outward 
at  a fixed  rate  (aide  movement  method)  produced  significantly  better  ident- 
ification of  targets  than,  in  descending  order,  the  forward  movement  method, 
the  forward  fixed  method  or  the  aide  fixed  method.  In  the  forward  movement 
fhod,  the  observer  "looked  forward  at  a 45*  angle  to  the  line  of  flight 
.itially  and  then  swept  his  gaze  back  toward  the  rear  of  the  aircraft". 

In  the  forward  fixed  method  the  observer  looked  at  the  same  45c  angle  to 
the  line  of  flight  but  did  not  move  hia  head,  In  the  side  fixed  method,  the 
line  of  sight  was  fixed  90*  to  the  line  of  flight  and  downward. 

The  observers  in  the  Thomas  and  Caro  studies  were  not  monitored  for 
head  movements  during  flight;  rather,  it  was  assumed  that  they  had  in  fact, 
followed  their  training  instructions  during  the  test  flights.  The  consist- 
ency of  the  data  indicates  that  the  four  groups  of  observers  were  using 
different  patterns  of  search. 

Gilmour,  as  quoted  by  Snyder  (1973),  has  noted  that  for  nearly  all 
air-to-ground  search  conditions  the  observer  wastes  more  than  40  percent  of 
his  time  in  useless  search  activity  during  the  period  after  the  torget  has 
become  available  but  before  it  is  reported  as  acquired. 


Search  pattern  training  should  help  reduce  this  wasted  time;  however, 
other  applications  to  target  acquisition  have  not  been  reported  (see  5.3.3). 

, 3 Parameters  Affecting  Search  Efficiency 

The  target  and  its  surrounding  context,  the  aircraft  in  which  the 
observer  is  flying,  and  the  observer  himself  all  interact  to  affect  search 
performance.  The  extent  and  quantitative  relationship  of  these  parameter 
interactions  are  not  well  established.  Most  research  has  concentrated  upon 
target  variables,  secondly  upon  the  parameters  determined  largely  by  the 
aircraft  and  only  a small  amount  upon  the  observer. 


Emphasis  upon  the  target  is  natural;  it  is  the  object  of  search.  Many 
things  about  the  target  can  be  measured  and  reported  in  quantitative  re- 
('  lationships  that  can  be  used  to  help  predict  search  performance.  The  fact 
\ that  these  predictions  are  only  partially  effective  (see  Section  6.2)  nay 

mean  that  more  than  just  the  target,  is  involved  in  target  acquisition. 


In  1965  through  1968,  Joint  Tank  Force  Two  (JTF-2),  under  authority 
of  the  Joint  Chiefs  of  Staff,  began  a systematic  research  program  to  in- 
vestigate all  aspects  of  the  low-altitude  attack  mission.  One  goal  of  the 
JTF-2  program  was  to  establish  a simulation  data  base  that  was  validated  by 
large-scale  controlled  field  tests.  The  initial  research  studies  did  help 
reconcile  the  large  volume  of  analytical  and  laboratory  data  obtained  under 
widely  varying  end  uncorrelated  conditions. 


In  analysing  the  results  of  the  real-time  target  acquisition  studios, 
the  major  source  of  variance  (62  percent)  in  visual  target  acquisition  per- 
formance was  found  to  be  directly  attributable  to  differences  between  the 
targets  and  their  associated  backgrounds  (Wyman,  et  al,  1968).  Thin  var- 
iance was,  for  the  moat  part,  unexplained  however.  The  remaining  variance 
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affecting  target  acquisition  performance  included  aircraf t-velntcd  and 
observer  performance  variability  as  well  as  atmospheric  effects  (Chapter  3). 


5.3.1  Target  Variables 

What  things  related  to  the  target  affect  search  performance  and  how 
are  they  measured?  In  some  respects  the  answers  to  the  question  depend  upon 
who  is  asking,  and  for  what  purpose. 


5.3. 1.1  Search  Time 

The  typical  engineering  question  is,  "How  long  does  it  take  an  observer 
to  search  for  and  find  a target?"  Two  things  are  involved: 

First,  is  the  question,  "How  long  is  the  target  exposed?"  Target  ex- 
posure time  is  the  interval  between  the  time  at  which  the  target  first  be- 
comes available  for  detection  and  the  time  at  which  it  leaves  the  observer's 
field  of  view.  This  time  is  a secondary  variable  largely  determined  by 
aircraft  speed  (V)  and  altitude  (H),  slant  range  to  the  target,  masking 
effects,  and  field  of  view  of  the  observer  or  sensor.  These  problems  are 
discussed  in  previous  chapters.  The  solution  is  essentially  a matter  of 
geometry,  the  V/H  relationships,  end  acme  knowledge  about  the  target  area. 
Second,  given  that  the  target  is  actually  visible,  how  long  does  it  take  an 
observer  to  acquire  a target?  The  answer  to  this  question  is  much  more 
complex. 


Bloomfield  (1S70)  has  reviewed  the  laboratory  data  on  time  to  search. 

He  points  out  that  density  of  non-targets  oimilar  in  site  and  chape  to  the 
target  (clutter),  size  of  the  search  area,  and  number  of  targeto  era  all  so 
related  that  we  cannot  separate  them  in  real-world  search.  Laboratory  ex- 
periments in  visual  search  can,  however,  provide  parameters  which  should  at 
least  bound  tho  problem  and  establish  the  limits  for  system  design.  Since 
the  laboratory  date  on  visual  search  is  extensive  we  will  note  only  those 
experiments  which  appear  pertinent  to  the  resl  world  target  acquisition 
problem.  Many  of  the  laboratory  experiments  relating  to  visual  search  have 
been  limited  to  search  for  simple  objects  in  relatively  unstructured  fields, 
(For  a review  and  analysis  of  this  research  see  Teichner,  1972;  Tcichner  and 
Krebs,  1970;  1971;  1972a;  1972b;  and  Teichner  and  Mochamuk,  1974),  The 
target  acquisition  problem  is  more  frequently  that  of  searching  for  complex 
shaped  objects  in  very  cluttered  visual  fields.  The  laboratory  data  indicate 
that  key  variables  are  target  sice,  shape*  contrast,  density  of  non-targets, 
search  area  and  target  location  in  the  search  area. 


In  general,  tiaa  to  search  is  exponentially  distributed  (Krendol  and 
Wodinsky,  1960;  Bloomfield,  1S72),  as  shown  in  Figure  5-3,  The  parameters 
of  the  exponential  term  depend  on  the  relative  complexity  of  the  targets  and 
of  the  area  to  be  searched. 
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Figure  5-3.  Search  Time.  Curves  a,  b,  and  c indicate  increasing 
relative  complexity  of  background. 

Relative  to  the  background,  large  or  high  contrast  targets  are  found 
faster  than  small  or  low  contrast  targets  (Boynton  and  Bush,  1957;  Smith, 
1961);  see  Figure  5-4. 


Figure  5-4.  Search  Time  a«  a Function  of  Target  and  Pseudo-Target 
Size  Difference  and  Contrast  Difference 


The  larger  the  number  of  objects  In  the  target  area  similar  to  the 
target  in  size  and/or  shape  (i.c.,  "clutter")  the  longer  the  search  time 
(ISoynton  and  Bush,  1057;  Baker,  Morris  and  Steedman,  1959);  see  Figure  5-5. 
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NUMHKR  OK  ELEMENTS  IN  DISPLAY 

SOURCE;  SMITH,  IN  VISUAL  PROBLEMS  OF  THE 
ARMED  FORCES  (1962) 

Figure  5-5.  Comparison  of  Results  for  Triangle, 

Square,  Pentagon,  and  Hexagon  Used  as  Targets 
Among  Circular  Pseudo-Targets 

Long  narrow  objects  are  usually  seen  with  less  error  and  in  less  time 
than  square  targets  of  equal  area  (Baker,  Morris  and  Steedman,  1959);  see 
Figure  5-6. 

Within  limited  search  areas  (i,e,,  displays  or  a restricted  cockpit 
field  of  view)  targets  located  on  the  periphery  require  longer  search  time 
than  those  near  the  center  of  the  search  area  (Baker,  Morris  and  Steedman, 
1959;  Craig,  1974). 

; Leaving  the  laboratory,  the  typical  operational  question  is,  "At  what 
range  can  the  observer  search  for  and  find  the  target?"  Obviously  time 
to  search  is  involved  in  the  range  of  target  acquisition.  The  footer  the 
aircraft  is  flying,  the  less  time  the  operator  will  have  from  the  time  the 
target  is  available  to  be  seen  until  it  is  acquired  or  missed.  Target 
availability  ia,  of  course,  a function  of  many  conditions  and  includes  - at 
least  - resolution  of  Lhfe  eyeball  (ser.eer),  unmask  range,  atmospheric 
attenuation,  contrast,  target  motion,  etc.  Target  acquisition  research  has 
concentrated  on  range,  not* time.  Typically,  even  notion  picture  or  terrain 
model  simulation  studies  report  target  acquisition  as  a function  of  range. 
Time  is  not,  unually,  seen  as  the  critical  variable,  although  in  actual 
fact,  range  can  be  converted  to  time  in  most  situations. 
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RATIO  or  TARGET  AREA  TO  MIWIMUt4 
CIRCUMSCRIBING  CIRCLE  AREA 

Figure  5-6.  Search  Time  os  a 
Function  of  The  Ratio  of 
Target  Area  to  the  Area  of 
the  Minimum  Circle  Which  cir- 
cumscribes the  Target.  Th? 
correlation  ia  + 0.82  and 
the  function  is  described  as 
V ® 117  x -10. 


There  are  several  etudieo,  however,  which  have  evaluated  some  of  the 
variables  noted  as  affecting  time  of  search  and  in  which  time  of  search  was 
reported. 


In  a friosuletion  study  usins  oblique  aerial  photographs  to  simulate 
TV,  Farkaa  (1972)  had  unskilled  observers  search  under  two  conditions  of 


limited  time, 


O'U  _ 4.  tfA'OA  rtf 

UIU  LUbVALHA  *'<•**■*  ^ J f 


those  expected  for  the  Jisrtel  missile1*.  Results  of  the  limited  time  study 
were  than  compared  with  on  earlier  etudy  (Pcrkeo,  1972b)  done  under  the 
same  conditions,  but  with  a 50  second  limit  on  search  time.  Results  ere 
shown  in  Figure  5-7.  With  less  tiae  the  acquisition  probability  was  re- 
duced. The  decrease  in  probability  was  also  reported  ao  more  marked  for 
small  targets  than  foe  large  ones. 
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Figure  5-7.  Comparison  of  Performance 
Under  Timed  end  Untimad  Search 
Conditions 

Freitag  and  Jones  (1972)  had  pre-briefed  observers  search  a televioion- 
dioplay  of  a scale  terrain  model  (Section  6.4.3)  for  large  (or  prominent) 
targets  (bridges,  road  intersections).  The  objective  was  to  determine  mini- 
mum times  to  detect.  Mean  time  to  detect  varied  from  3,7  to  8 seconds.  The 
data  are  very  similar  to  the  results  found  by  Parkeo.  Long  narrow  targets 
were  significantly  easier  to  find  than  were  rectangular  targets. 

One  realistic  simulation  merits  discussion  since  it  is  one  of  the 
few  primarily  designed  to  control  target  contrast  and,  also  where  search 
time  is  available.  Bergert  and  Fowler  (1970a)  used  the  Martin  Marietta 
600:1  scale  terrain  model,  (Section  6.4.3).  Observers  searched  for  a to-scale 
37.5  by  10,75  foot  flat  target  of  a house  or  shed  using  direct  vision 
looking  out  a simulated  A-4  cockpit  windscreen.  The  targets  were  painted 
to  precisely  control  targec-to-background  contrast  (measured  to  +2  percent). 
Observers  were  all  ex-pilots  (company  employees)  who  had  n minimum  of  1100 
hours  military  flight  experienc: . Clutter  was  not  a variable.  All  targets 
were  placed  In  open  areaG,  not  near  other  buildings  or  similarly  sized  ob- 
jects. Observers  were  carefully  briefed,  using  both  a vertical  and  oblique 
aerial  photograph  which  indicated  the  type  of  target  as  located  somewhere 
within  a 1/2  mile  nqnnr«  erea:  "Detect ion”  consisted  of  locating  the  target 
in  the  area;  recognition  was  correctly  opacifying  the  target  na  a shed  or  a 
house,  The  run  was  conducted  at  a simulated  altitude  of  3000  feet  (914  met- 
ers) and  a speed  of  350  knots  (649  Km/HR).  Each  trial  began  at  a simulated 
range  of  37,000  feet  (11,278  maters),  near  the  minimum  resolvable  target 
visual  angle,  but  at  which  range  the  area  was  visible.  The  trial  continued 
toward  the  target  until  the  target  was  recognized  or  until  the .minimum  down- 
look  angle  for  the  "A-4  cockpit"  was  reached.  Mean  time  to  search,  as  a 
function  of  contrast  is  ohovn  in  Figure  5-8;  the  data  confirm  that  dynamic 
target  acquisition  search  time  is  a function  of  contrasts 


mCW  CONTRAST 
SOURCE:  RECRAKN  FROfl  BERCERT  MO  FOULER 
(1179)) 


Pigure  5-8.  Dynamic  Flight  Simulation  - Mean  Time 
to  Search  a Prebriefed  Square  Area  1/2  Mile 
(0.8  Km)  Per  Size  for  37.5  Square  Feet  (11.4M) 

Target  as  a Function  of  Contrast 

One  eat  of  field  testa  with  time  to  search  as  a measured  variable  has 
been  summarized  by  Brynon  (1972).  A helicopter  with  pilot  and  observer 
used  pop-up  tactics  to  search  for  and  locate  tactical  targets  (tanka  and 
armored  personnel  carriers).  The  helicopter  rose  vertically  ("popped-up") 
to  gain  line  of  sight  with  the  target.  It  cams  to  ,a  hover  just  above  mask 
while  the  crew  searched.  The  targets  were  armored  vehicles,  (tanks  and 
armored  personnel  carriers),  tactically  deployed  with  cover  and  masking. 

On  command  the  helicopter  ’'popped-up"  above  mask  and  search  for  the  target 
was  begun.  The  observers  were  briefed  as  to  approximate  location  of  the 
targets  in  relation  to  their  position.  Fifty  percent  of  the  targets  were 
found  in  20  seconds}  if  a target  was  not  found  by  48  seconds,  the  probability 
v&a  that  it  could  not  be  found  at  all.  Figure  5-9  shows  these  data.  (The 
obtained  <?*po!!ent!sl  function  is  also  quite  obvious.) 

The  Bergart  and  Fowler  data  represent  probable  search  times  for  a 
single  target  at  maximum  range®  by  one  observer  under  optimum  conditions. 

The  data  reported  fey  Bryson  ara  for  multiple  targets,  search  by  two  obser- 
vers at  relatively  short  ranges. 

At  very  low  altitudes  and  high  speeds,  search-time  requirements  are 
different  from  those  et  a greater  altitude.  If  the  target  is  not  found 
rather  quickly,  it  may  not  be  found  at  all. 
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T|H£  Of  SEARCH  (SEC.) 

SOURCE:  BASED  <W  CK*SM  (19?2)  DATA 

‘ 4 Figure  5-9.  Search  Tims  for  T</o  Briefed 

: • Observers  to  Locate  5 Armored  Vehicles 


5.3.1. 2 Moving  Tnraeta 

Motion  of  the  target  probably  csnhancee  detection  in  ona  o£  four  ways: 
(1)  a new  target  .Js  created  by  the  motion  as  it  changes  location,  as  the 
wake  of  a ship  or  a dust  cloud  behind  a tanks  (2)  the  change  In  location 
of  the  target  due  to  its  motion  is  noted;  (3)  in  ooae  cnees,  the  relative 
motion  per  se  of  ths  target  as  coopered  with  non-targeto  attracts  the  ob- 
server's eyea,  and  (A)  the  changing  contrast  of  the  target  moving  across 
Che  background.  When  e target  ie  moving  in  a search  field  it  muse  move  faot 
enough  to  be  recognised  as  moving  (oes  Section  3.2.5).  Erickson  (1965)  pre- 
sents a brief  summary  of  the  visual  theory  involved: 


£=-12 


Consider  two  objects  moving  parallel  through  the  visual  field  with 
angular  velocities  ui  andu>2*  A differential  threshold  for  angular  velocity 
may  be  defined  as  Au  « ui  — 012*  That  is,  the  difference  between  the 
angular  velocities  of  the  two  objects  must  be  at  least  Aw  or  on  observer 
cannot  with  any  confidence  tell  chat  there  is  a difference. 

Laboratory  measurements  of  Aw  have  been  made  with  moving  spots  on  an 
oscilloscope,  rotating  disks,  needle  pointers,  and  other  such  devices.  It 
has  been  found  that  Aw  is  a function  of  the  angular  velocity  of  the  refer- 
ence object  such  that 

W » — • constant  (u  i 0)  within  certain  limitr  • W is  known  ns  the 

Cl) 

Weber  ratio.  From  data  suimnarized  in  Brown  (1961)  and  as  shown  in  Figure 
5-10,  it  is  seen  that  W **  0.1A  for  curve  1 and  W ■ 0.88  for  curve  2. 


1,  Adjacent  stimuli  3.  Superimposed  stimuli,  3,6  cog  field 

2,  Separate  stimuli  •$.  Superimposed  stimuli,  15.0  dsg  field 

SOURCE:  BROWN  (1961),  AS  REDRAWN  IN 
ERICKSON  (1965) 

Figure  5-10.  Velocity  Discrimination  Threohold3 


Consider  the  eiraple  case  of  a moving  target  being  viewed  from  an  air- 
craft flying  level  with  conotant  velocity.  If  the  target  is  moving  along 
the  ground  track  of  the  aircraft,  ita  angular  velocity  would  be: 


(V-v)H 

2 2 

ir-HT 


where  V 
v 
H 
R 


velocity  of  aircraft 
velocity  of  target 
altitude  of  aircraft 
range  ahead  to  target 


aa  compared  to  the  angular  velocity  of  points  on  the  ground  about  the  target, 
which  is  given  by: 


HV 


2 2 
H +R 


It  can  be  shown  that: 


W 


v 

V* 


If  a Weber  ratio  could  be  determined  for  the  above  situation  and  were  found 
to  be  0.10,  say,  it  could  be  concluded  that  targets  moving  leoa  than  one- 
tenth  the  aircraft *o  velocity  would  not  be  spotted  by  virtue  of  their  motion 
per  ae. 


In  most  cases  of  high  spaed  flight  (above  350  knots  or  649  Kn/HR)  typical 
tactical  targets  moving  at  10  to  30  raph  (19  to  56  Kn/HR)  should  not  have  enough 
relative  motion  to  be  detected  as  moving  from  high  performance  aircraft.  Yet 
field  test  data  do  show  som-j  improvement  in  turget  acquisition  with  moving 
targets. 


A series  of  controlled  field  tests  indicated  that  moving  vehicle  tar- 
gets - a truck,  a tank,  and  a group  of  trucks  - tended  to  be  acquired  at 
slightly  greater  ranges  than  when  the  same  targets  were  stationary  (Valen- 
tino, 1972).  The  rate  of  travel  of  the  vehicles,  20  miles  (32  Km)  per  hour, 
was  such  that  their  relative  motion  compared  to  aircraft  at  the  speeds  (300 
and  450  knots  or  556  and  834  Kra/Hr)  and  altitudes  flown  vno  probably  below 
tuo  visual  threshold  of  motion,  Yet  the  moving  targets  were  generally  ac- 
quired at  greater  slant  ranges.  Figure  5-11  shows  typical  results. 


A study  by  Dugao  (1971)  also  helps  explain  the  probable  effects  of  re- 
lative target  motion.  Her  experiment  compared  the  detection  probability 
between  a static  and  a moving  target  on  a television  display.  Esckgrounds 
were,  (1)  an  aerial  photograph  displayed  at  a scale  of  5000  feet  (1524  met- 
ers) altitude,  (2)  a felt  plate  of  uniform  texture  and  brightness,  ar.d  (3) 
a griddod  table.  The  target  was  an  electronically  generated  rectangle  of 
uniform  intensity.  Two  target  speeds,  corresponding  to  about  50  and  200  knots 
(93  and  371  Km/Hr)  were  used.  The  faster  moving  target  va3  detected  more 
easily  than  the  alow  one  and  both  more  easily  than  the  static  target  against 


all  backgrounds.  Data  obtained  indicate  that  "It  la  not  motion  itself  that 
improves  detection  performance,  hut  the  changing  contraota  that  occur  as 
the  target  moves  over  a complex  background, "(Dugan,  1971,  p.  v). 


SOURCE:  VALENTINE,  19?? 

Figure  5-11,  Cumulative  Acquinltlon  Hates  as  a Function  or 
Slant  Range  and  Target  Motion 

5. 3. 1.3  Surround  Illumination 


For  all  practical  purposes,  once  illumination  level  reaches  about 
100  foot-lamberts  (342.6  cd/m2)(on  overcast  day),  performance  in  target  ac- 
quisition search  should  not  be  affected  (Duntloy,  1904),  The  field  test 
data  support  this  contention  (Hicks  and  Moler,  1966 ; Snyder,  et  al,  1966). 
Cloud  cover,  so  long  aa  It  does  not  obscure  the  target  does  not  seem  to 
have  much  effect.  Dyer  (1965)  and  Whittenburg  (1960a)  both  report  that 
high  cloud  cover  actually  was  a help  in  target  search  (additional  illumina- 
tion data  are  discussed  In  Chapter  3). 

However,  when  illumination  level  dropa  below  a critical  level,  such 
aa  at  twilight,  then  visual  target  search  performance  drops  dramatically. 
The  study  reported  by  Porterfield,  et  al  (3971)  provides  clear  evidence. 
This  study  investigated  inflight  visual  detection -of  ground  target  sites 
and  identification  of  specific  targets  as  a function  of  apparent  scene 
illumination.  Individuals  from  three  sups  of  six  subjects  oach  searched 
for  tactical  target  sites  in  rolling  tarra  and  woodland,  and  identified  and 
counted  the'  targets  at  the  sites  located,  One  group  observed  under  full 
ounlight  illumination,  a second  group  wore  goggles  with  neutral  density 
filters  that  cut  down  the  transmitted  light  so  that  the  scene  appeared  to 
be  illuminated  by  400  times  full  moonlight  (4.3  meter  candles)  and  a third 
group  wore  goggles  .that  reduced' the  sunlight  illumination  level  down  to  an 
apparent  illumination  of  40  timea  full  moonlight  (0,43  meter  candleo). 


The  apparent  seem;  Illumination  for  both  the  groups  that  wore  goggles  was 
between  that  of  the  lower  limit  of  civil  twilight  and  aunrise  or  sunset. 

The  subjects  observed  from  the  nose  position  of  e B-50  flying  at  1B0  knota 
(334  Km/HR)  ground  spued  and  3,500  feet  (1067  meters)  above  ground  level. 

There  were  25  target  alios  at  vurious  locations,  all  within  two  miles  (3.2  Km) 
of  the  aircraft  f light-path,  along  the  96-mllc  (154  Krai  track-length.  Each 
site  contained  varioun  numbers  and  types  of  simulated  tactical  torgeta.  The 
mean  number  of  target  niton  detected  was  36  percent  under  sunlight  illumi- 
nation, 22  percent  under  the.  simulated  400  times  full  moonlight  condition, 
and  9 percent  under  40  llmuu  full  moonlight.  The  mean  of  the  targeta  iden- 
tified, provided  they  wore  detected,  was  60  percent  under  sunlight,  34  per- 
cent under  400  timcti  full  moonlight,  and  27  percent  under  40  times  full 
moonlight.  Figures  5-12  and  5-1.,  show  the  results. 
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Figure  5-12,  Percent  of  Targets  Identified  at  the 
Dotoctcd  Target  Sites  as  a Function  of 
Illumination  Level 
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Figuro  5?13.  Percent  of  Targot  Sites  Detected  as 
a Function  of  Illumination  Level 


5. 3. 1.4  Target-Background  Relationships 


A different  approach  to  defining  and  evaluating  target  variables  ha3 
been  proposed  by  Zaitzeff  (1971).  He  believes  that  in  actual  real-world 
conditions  it  is  nearly  impossible  to  separate  the  variables  of  target  from 
background,  Bloomfield,  as  noted  earlier  in  this  section,  makes  the  same 
assertion,  Thus,  Zaitzeff  proposes  s different  type  of  target-background 
metric  to  be  uood  in  the  prediction  of  dynamic  visual  target  acquisition. 


A study  waa  conducted  using  a series  of  wide-angle  photographic 
slides  taken  from  JTF-2,  Teat  4,1  oimulation  otudies  (Zoitzeff,  1971).  Ten 
targets  ware  selected;  for  each  target  10  elides  were  prepared.  The  initial 


slide  wan  nt  the  maximum  available  range  (target  Just  visible  but  no  detail 
resolvable).  The  other  nine  slides  each  represented  a progressive  one-tenth 
reduction  of  thin  range  into  the  target.  These  characteristic  target-back- 
ground scones  were  then  measured  using  two  approaches  - one  using  subjective 
ratings  scaled  by  observers,  and  the  other  being  physical  and  photometric 
(size,  contrast,  brightness)  measurements.  JTF-2  simulator  target  acquisi- 
tion data  were  also  available.  Fourteen  measures  of  targets  and  background 
characteristics,  plus  an  estimate  of  target  acquisition  probability  were 
obtained  for  each  of  the  100  scenes.  Factor  analysis  showed  that  many  of 
the  variables  investigated  were  highly  correlated.  Ridge  regression,  a 
technique  applicable  to  non-orthogonal  problems,  was  used  to  establish  the 
relative  predicting  power  and  quantitative  effect  of  these  variables.  ' 

Of  the  14  variables  tested,  7 basic,  parameters  were  isolated.  These 
parameters  were:  (1)  Target  Length,  (2)  Target  Width,  (3)  Detail  Contrast, 

(4)  Target  Contrast,  (5)  Element  Count,  (6)  Ambiguity,  and  (7)  Hetero- 
geneity. These  parameters  accounted  for  79  percent  of  the  criteria  variance. 
The  same  amount  of  predictive  information  was  obtained  using  a measure  of 
static  acquisition  probability  — the  percentage  of  lf>  observers  desig- 
nating ths  target  in  erch  of  the  10  scenes  of  the  approach  to  a target. 

Static  acquisition  probability  is  not  necessarily  operationally  useful, 
since  it  requires  a large  number  of  ratings  by  a reasonably  large  group 
of  observers  (see  Section  6.3.9,  for  an  application  of  these  data). 

Zaitreff  suggests  that  some  techniques  of  psychometric  scaling  could  be 
used  to  develop  target-background  metrics  more  closely  related  to  dynamic 
performance  than  those  physical  measures  noted  above.  The  characteristics 
he  recommends  are: 

Distinctiveness  - the  degree  to  which  an  item  specified  is  a unique, 
one-of-a-kind  appearing  element. 

Lonfipiciilty  - the  degree  to  which  an  item  stands  out  from  the  back- 
grouncT bacauso  of  its  size,  shape,  color  or  structure.  A con- 
spicuous clement  would  usually  be  in  marked  contrast  to  other  Items 
within  the  field. 

Eabaddcdncaa  - the  degree  to  which  an  item  appears  enmeshed  with 
or  indistinct  with  reference  to  the  contrast  elements  around  it. 

A target  with  high  embeddedness  generally  cannot  be  pinpointed 
accurately  because  it  is  in  juxtaposition  with  elements  or  areas 
of  like  contrast. 

LoeaHs&bUlty  - the  relative  proximity  of  an  item  to  an  out- 
standing or  conspicuous  cue,  or  to  the  dynamic  flight  vector. 


(1)  Sea  box  end  Hunter  (1956)  for  a discussion  of  ridge  regression. 


Kxpoctntion  Value  - the  degree  to  which  a ocene  corresponds  or 
appears  similar  to  the  observer's  preconceived  ideas  of  the 
target  approach.  The  observer's  expectations  would  be  based  on 
his  briefing,  inflight  information,  psychological  set,  and 
experience. 

Busyness  - the  degree  to  which  the  background  In  question  exhibits 
the  property  of  being  a patternless  collection  of  contrasts. 

If  the  above  variables  can  be  quantified  (probably  through  the  tech- 
niques of  psychometric  scaling),  a large  step  will  have  been  taken  in 
establishing  a useful  classification  scheme  for  operational  target-back- 
ground encounters.  This  task  remains  to  be  done. 

5.3.2  Aircraft  Variables 


Since  the  aircraft  ia  a moving  platform,  motion  ia  a factor  which  must 
be  considered.  There  are  three  possible  conditions  of  movement  involved 
in  air-to-ground  target  search: 

a.  Movement  ox  the  observer  through  a relatively  static  environment. 
ThiB  is  the  usual  condition  of  flying  over  an  area  to  search  for 
a target. 

b.  Movement  of  the  target  relative  to  the  environment  and  the  ob- 
server. This  is  the  condition  when  a vehicle  or  ship  is  in  motion 
through  the  target  scene. 

c.  Movement  of  the  background  and  the  target  relative  to  the  ob- 
server. This  condition  occurs  when  the  observer  ia  viewing  a 
TV  ocene  of  an  area  over  which  he  is  flying  or  when  monitoring 
the  TV  scene  projected  from  a remotely  piloted  vehicle  (RPV) 
or  a missile. 

The  effects  of  movement  in  search  are  not  well  understood.  The  general 
conduct  of  air-to-ground  search  while  in  aerial  flight  is  so  obviously  a 
case  of  motion  of  the  observer  through  the  scene  (condition  a.)  that  we 
rarely  take  time  to  consider  it.  The  second  motion  condition  has  already 
been  discussed  (5.3.1).  Finally,  the  increased  use  of  electro-optical 
displays  has  made  imperative  our  need  for  a better  understanding  of  the 
problem  of  relative  motion  through  and  by  the  display. 

5.3. 2.1  Speed 

The  general  case  in  cir-to~ground  search  Is:  Dooo  aircraft  speed  moke 

a difference  in  visual  search?  The  problem  also  becomes  confounded  with 
time  and  altitude.  As  we  move  faster  wo  have  less  relative  tint  to  search 
and,  as  vc  decrease  in  altitude,  relative  angular  velocity  increases.  We 
consider  speed,  time,  and  altitude  ceparate  variables,  although  the  three 
are  in  fact  very  much  related. 


Thu 8,  although  thlo  discussion  concerns  only  the  dynamic  effects  of 
relative  motion,  It  is  recognized  that  time  is  very  much  involved  in  the 
actual  search  problem.  As  noted  in  Chapter  2,  Figure  2-8,  dynamic  visual 
acuity  varies  as  a function  of  angular  velocity  from  the  observer.  One 
obvious  characteristic  of  the  visual  field  as  seen  from  the  aircraft  is 
apparent  angular  velocity  as  the  environment  streams  past  the  moving  air- 
craft. Observers  tend  to  compensate  for  high  angular  velocity  by  fixation 
on  an  object  in  the  visual  scene  for  some  time  period,  and  then  jumping 
ahead  to  fixate  on  Che  next  area.  While  flying  at  low  levels  and  at  rela- 
tively high  speeds,  this  is  the  recommended  technique  (nee  "Pilots  Panel" 
in  Jones,  1972b). 

The  observer  who  flies  at  medium  (about  1500  feet  or  457  meters)  to 
high  altitudes  should  find  angular  velocity  no  problem  during  target  search. 
Dugas  (1962)  analyzed  the  problem  of  High-speed,  low-altitude  flight,  Her 
conclusion  is  that  the  human  visual  system  does  not  limit  visual  target 
search  at  high  aircraft  speeds  except  at  altitudes  below  1500  feet  (457 
meters).  The  data  oupport  this  conclusion  (see  also  Section  2.3.5). 

U.  S.  Air  Force  testa  of  target  search  conducted  at  altitudes  from 
200  to  1500  feet  (61  to  457  meters)  and  at  indicated  aircraft  speeds  from 
350  to  720  knots  (649  to  1334  Km/Hr)  report  no  significant  problems  in 
detecting  targets  at  those  speeds  and  low  altitudes  (Thackham,  Wade  and 
Clay,  1966). 

Dyer  (1964)  reports  that  in  flight  trials  carried  out  at.  an  altitude 
of  500  feet  (152  meters)  there  was  no  significant  effect  on  acquisition 
probability  as  a result  of  increasing  airspeed  from  350  knots  to  700  knots 
(64S  to  1334  Km/Hr).  However,  the  mean  acquisition  range  at  the  700  knots 
(1297  Km/Hr)  speed  (11,250  feet)  was  less  than  those  for  the  550  knots  and 
350  knots  (1019  and  649  Km/Hr)  speeds  (15,200  feet  or  3429  meters)  and 
16,300  feet  (4968  meters)  respectively,  although  the  differences  were  not 
statistically  significant. 

Valentine  (1972)  found  in  field  tests  using  F-105  pilots  slight  but 
not  significant  differences  in  cumulative  acquisition  ranges  at  speeds  of 
300  and  450  knots  (556  and  834  Km/Hr)  as  shown  in  Figure  5-14, 

Motion  picture  simulations  report  similar  results.  At  an  altitude 
of  500  feet  (152  meters),  performance  was  better,  in  terms  of  both  ac- 
quisition probability  «nd  acquisition  ranges  st  a speed  of  198  knots  (367 
Km/Hr)  than  at  594  knots  (1100  Km/Hr) (Calhoun  and  Snyder,  1965),  or  at 
792  knots  (1468  Km/Hr) (Rusis  and  Calhoun,  1965).  Jonas,  Lane  and  Gilmour 
(1967)  report  that  at  500  foot  (152  meters)  altitude  single  observer  ac- 
quisition probability  was  significantly  poorer  at  a Bpeaa  of  Mach  1.2  than 
at  either  Mach  0.4  or  Mach  0.8,  but  there  was  little  change  in  mean  ac- 
quisition range.  Two  observer  teams  had  email  improvement  in  acquisition 
range  with  decrease  in  speed. 

Low  speed  (40  to  100  knots) (or  74  to  185,3  Km/Hr)  low  altitude  (up 
to  500  feet  - 152  meters)  tests  of  U.  S.  A;my  fixed  wing  and  helicopter 
#ircraft  indicate  a small  decrement  in  target  acquisition  with  increasing 
speed  (Blakeslce,  1963}  Thomas,  1965), 
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Figure  5-14.  Cumulative  Acquisition  Rates  as  a Function 
of  Slant  Range  and  Airspeed 


Speed,  at  least  in  the  regimes  typical  of  current  tactical  aircraft, 
is  not  a significant  variable.  What  does  seem  to  be  important  is  that 
higher  speed  reduces  time  to  search.  Figure  5-15  indicates  generally  the 
relative  effects  of  speed  based  upon  simulator  data  at  low  altitudes, 

5. 3. 2. 2 Movement  of  the  Background  and  the  Target 

Typically,  target  acquisition  by  use  of  dynamic  electro-optical  (EO) 
displays  can  present  a visual  field  which  moves  both  background  and  target 
relative  to  the  observer.  Viewing  a moving  scene  is  normal  for  'IV  and 
motion  pictures.  Wien  the  scene  itself  moves  in  a way  different  from  the 
relative  personal  orientation  of  the  observer  confusion  can  exist.  This 
is  the  condition  of  "scene  rotation",  considered  in  more  detail  in  Section 
4,2.13.  Th<s  condition  is  a relatively  new  one  in  target  acquisition  re- 
search. Data  from  both  Freitag  and  MacLeod  (1974)  and  Price  (1974)  indicate 
that  ccene  rotation  does  not  much  change  expected  target  detection  ranges. 

It  doea,  however,  significantly  reduce  range  of  target  recognition.  More 
investigation  find  research  io  required. 

5.3. 2. 3 Altitude 

The  effect  of  altitude  on  target  acquisition  is  confounded  by  other 
variablee.  Increase  In  aircraft  altitude  affects  the  visual  environment 
to  facilitate  finding  targets  in  some  cases,  but  also  to  reduce  it  in 
others.  Obviously  at  some  high  altitude,  targets  of  interest  will  be 
too  small  to  see.  The  biggest  effect  of  altitude  change  occurs  from  0 to 
1500  feet  (457  meters).  The  relative  importance  of  altitude  depends 
largely  on  thu  sslosion  and  on  tactical  requirements.  The  factors  involved 
arc*. 
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Figure  5-15.  Relative  Effect  of  Speed  on  Target 
Recognition  Based  on  Simulator  Data 

a.  An  increase  in  altitude  increases  the  amount  of  terrain 
that  can  be  seen  and  thus  Increases  possible  cues  avail- 
able, 

b.  Reduction  of  the  effects  of  masking. 

c.  Change  in  apparent  size  and  shape  of  the  target.  When  the 
target  is  viewed  from  above,  an  increase  in  altitude  changes 
the  visual  angle  at  the  observer’s  eye;  but  the  extent  and 
direction  of  that  change  depends  on  the  shape  of  the  target. 
If  the  vertical  acale  predominates  it  will  seem  smaller.  If 
the  horizontal  area  predominates,  it  will  seem  larger.  Thus, 


a vertical  chimney  will  seem  smaller,  an  air  field  will  appear 
larger.  Details  of  the  target  time,  seem  to  change  (signifi- 
cantly as  our  aspect  angle  changes, 

d.  Reduction  of  rate  of  apparent  motion  of  the  terrain  through 
the  observer's  field  of  view,  an  noted  in  Section  5. 3. 1.2. 

e.  There  is,  relatively,  an  increase  in  visibility  downward 
through  the  atmosphere  to  the  target  (see  Chapter  3).  The 
appearance  of  a target  viewed  from  given  distance  verti- 
cally downwards  will  be  lens  affected  by  attenuation  effects 
than  one  viewed  obliquely  from  th<.  -jabc  distance. 

The  combined  effects  of  these  factors  mean  that  there  is  usually 
an  optimum  altitude  for  a particular  type  target  and  set  of  conditions. 
Above  and  below  this  altitude  there  may  be  degradation  in  target  acquisi- 
tion. 


The  most  commonly  found  rcflul,*.  is  that  performance  tends  to  improve 
almost  linearly  as  altitude  increases  up  to  some  ivaximum.  A field  test 
reported  by  Dyer  (1965)  found  that  recognition  J,  v ' ?b  for  vehicles  and 
other  tactical  targets  at  200  feet  (61  meters)  alilude  were  less  than 
half  thore  obtained  at  500  feet  to  1500  feet  (152  to  457  meters).  The 
probability  of  detection  was  also  slightly  greater  at  higher  altitudes. 
Valentine  (1972)  reports  similar  results,  typically  shown  in  Figure  5-16. 


SOURCE:  VALENT I HE.  1S72 

Figure  5-16.  Cumulative  Acquisition  Rates  as  a Function 
of  Slant  Range  and  Aircraft  Altitude 


Results  obtained- from  simulation  experiments  show  similar  trends. 

For  instance,  using  a terrain  model  and  four  types  of  homogeneous  background, 
Wyman,  Rawlings  and  Sturm  (1965)  found  chat  altitude  had  a significant 
effect  on  both  the  probability  and  range  of  acquisition,  increases  in  alt- 
itude from  300  (91  m)  to  500  (152  m)  and  to  1000  (305  m)  feet  resulted  in 
better  performance.  Blackwell,  Ohmart  snd  Hnrcum  (1960)  report  similar 
results  in  Figure  5-17.  Using  a motion  picture  simulator,  Gilmour  and 
Iuliano  (1964)  found  increased  acquisition  from  altitudes  of  200  to  400 
feet  (61  Co  122  meters).  Similar  data  are  reported  by  Snyder,  et  al  (1966) 
at  altitudes  of  500  feet  (152  ra)  and  1000  feet  (305  m);  by  Wyman,  et  al 
(1967)  at  altitudes  of  200  to  600  feet  (61  to  183  meters)  and  by  Gilmour, 
et  al  (1968),  with  the  Joint  Task  Force  Two  Motion  Picture  Program,  at 
altitudes  of  200,  400,  and  600  feet  (61,  122  and  183  meters)  using  wide- 
angle  motion  picture  imagery. 
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Figure  5-17.  P.clative  Slant  Range  as  A Function 
of  Flight  Altitude,  Showing  a Systematic 
Change  in  Slant  Range  with  Altitude 

Erickson  and  Gordon  (1970)  reported  a field  test  which  moot  clearly 
shows  the  effects  of  altitude.  The  targeto  were  n tank  and  a radar  van 
placed  on  a road  in  the  desert  both  facing  directly  head-on  to  the  aircraft 
flight  path.  Search  for  the  target  was  simple , no  clutter  or  masking  en- 
ieted,  and  there  was  little  or  no  weather  effect.  The  pilots  flying  in 
A- 4 aircraft  repotted  "Detection'*  (vehicle  present)  and  "Recognition"  (tank 
or  van).  Recognition  performance  increaoed  with  altitudes  up  to  4000  feet 
<1219  meters). 


There  is,  of  course,  a limit  beyond  which  Increase  in  altitude  will 
reduce  performance.  Target  acquisition  perfortnancc  will  exhibit  u maximum 
with  altitude  and  show  a cut-off  at  a slant  range  beyond  which  the  target 
cannot  be  seen.  That  maximum  depends  upon  several  variables  and  includes 
at  leant  target  alze  and  apparent  contrast  as  rcen  through  the  atmosphere, 
as  does  the  optimum  altitude  for  visual  target  acquisition.  Boynton  hypo- 
theslzes  that  "under  the  beat  conditions  of  visibility  it  (optimum  alti- 
tude) is  on  the  order  of  250  times  the  linear  size  of  the  objects  being 
sought;  under  conditions  of  worst  visibility  it  is  on  the  order  of  30  times 
the  size  of  the  object  being  sought"  (in  Morris  and  Horne,  1959;  page  238). 
This  hypothesis  has  not  been  field  tested,  but  comparison  with  field  test 
results  (Erickson  and  Cordon,  1970;  Valentine,  1972;  Thornton,  ct  al,  1973) 
shows  that  it  holds  up  rather  well.  Valentine  for  example  reports  that 

personnel  could  not  be  reliably  detected  at  2000  feet  (610  meters)  alti- 

tude, but  were  acquired  at  the  600  feet  (183  meters)  altitude  test  con- 
dition. 

Very  lew  and  slow  flying  aircraft  (typically  helicopters)  present  « 

different  problem.  At  altitudes  above  about  500  feet  (152  meters)  there 

probably  is  little  difference  from  fixed  wing  aircraft.  However,  the 
advantage  of  the  low-flying  helicopter  is  its  ability  to  stay  low,  using 
the  masking  of  terrain  and  trees  as  cover.  Thus,  reported  target  ac- 
quisition ranges  for  very  low-flying  aircraft  confound  altitude  with  target 
masking.  When  the  target  can  be  Geen  and  it  is  unmasked,  it  often  can  be 
acquired  at  long  ranges.  Snyder,  Greening  and  Calhoun  (1964)  report  a 
significantly  higher  probability  of  target  recognition  at  50  feet  (15.2  a) 
altitude  than  at  100  feet  (30.5  ai)  wherever  the  targets  were  unmasked. 
Apparently  this  is  because  the  aspect  angle  of  the  target  at  very  low 
altitudes  is  very  much  like  the  way  we  normally  perceive  the  world.  Nep- 
of-the-earth  flying  (5  to  10  feet  (l.1*  to  3.1  ra)  by  helicopters,  however, 
emphasizes  masking  of  both  the  aircraft  and  the.  target.  The  effects  of 
masking  are  such  as  to  significantly  confound  low  altitude  target-search. 
Unfortunately,  few  if  any  low  altitude  studies  have  reported  detailed  data 
on  masking  effects. 

Holer  (1962)  conducted  a study  of  low-level  target  acquisition  from 
helicopters  the  results  of  which  are  typical  of  most  subsequent  helicopter 
studies.  The  targets  were  all  tactically  positioned  and  camouflaged.  The 
pilots  were  instructed  to  fly  low  altitude  (less  than  100  feet  (30.5  maters)) 
contour  flying  over  rolling  terrain  with  good  tree  and  brush  cover.  Only 
minimum  briefing  was  used.  Detection  data  indicate  low  probability  of 
finding  targets.  Maximum  range  of  detection  for  tanks  was  1400  yards  (1280 
meters);  median  range  was  300  yards  (274  meters).  Given  detection,  recog- 
nition probabilities  were  very  high,  a fact  not  surprising  in  view  of  the 
short  range  of  detection.  Since  Holer  reported  no  data  on  masking,  his 
results  are  often  discounted.  However,  a series  of  target  acquisition 
tests  using  observers  in  helicopters  was  conducted  at  the  Naval  Weapons 
Center  (Amundson,  Schlanta  and  Sorrenson,  1974).  The  nominal  altitude 
was  150  feet  (46  'Jeters).  The  ranges  reported,  however,  were  only  olight- 
ly  longer  than  those  found  by  Holer,  347  meters  for  a tank. 


Endcrwick,  et  al,  (1970)  report  a study  using  a helicopter  In  target 
acquisition  with  tanks  and  personnel  carriers  os  targets.  Flight  alti- 
tudes were  75,  1000,  and  3000  feet  (23,  305  and  914  meters).  7here  was 
little  or  no  masking  of  targets  since  the  targets  we*.e  located  in  open 
fields  in  most  cases,  and  all  targets  were  well  briefed.  Mean  target 
recognition  slant  rangeB  at  75  feet  (23  meters)  altitude  were  1130  meters; 
at  1000  feet  (305  meters)  altitude,  261.0  meters;  and  at  3000  feet  (914 
meters)  altitude,  3940  meters.  No  detection  probability  data  are  given. 
Typical  very  low  altitude  target  acquisition  probability  is  shown  in  Fig- 
ure 5-18, 


to 

SOURCE:  US.  Army  (1974} 


Figure  5-18.  Average  Probability  that  a 7-Foot 
(2.15  Meters)  Target  io  Exposed  as  a Function 
of  Range  and  Altitude  with  Foliage  Included 
and  Excluded  (redrawn  from  Ballistic  Analysis 
Laboratory,  1959).  Altitude  is  shown  on 
each  curve. 

<5*.  3.2.4  Target  Offset 

Lateral  offset  of  the  target  from  the  line  of  flight  has  not  often 
been  reported  or  considered  as  a variable.  However,  in  many  aircraft, 
visibility  is  often  not  as  good  straight  ahead  as  off  to  the  side.  Inad- 
vertent offsets  Can  also  occur  whenever  the  lateral  position  of  the  air- 
craft is  not  known  due  to  navigation  errors  or  other  uncertainties. 

5everal  studies  have  simulated  with  TV  on  terrain  models  the  effects 
of  lateral  offset  uncertainty  on  search  performance  (Levy  et  al,  1964). 
One  field  study  has  also  Investigated  offset  and  position  no  controlled 
variables  (JTF-2,  1966),  Since  the  reperts  of  thin  study  are  classified, 


details  are  not  made  available  here.  In  general  the  results  show  that 
target  acquisition  performance  dccrcanco  with  Increasing  lateral  offset 
from  the  primary  flight  path  of  the  aircraft. 

In  a training  research  study  using  helicor/tero  and  light  aircraft, 
Thomas  and  Caro  (1962)  considered  target  offset  from  the  flight  path  as 
one  condition  in  training  teats.  Their  data  r.lso  indicate  offset  from 
the  pre-planned  flight  path  reduces  performance  in  the  same  way. 

Wyman,  Rawlings,  and  Sturm  (1965)  found  that  offsets  of  500  and 
1500  feet  (152  and  457  meters)  reduced  probability  of  target  detection, 
but  not  the  range  of  detection.  A airoulntor  study  carried  out  by  M.ilnes- 
Walker,  as  reported  in  Parkes  (1972a)  ir.icated  that  offsets  from  0 to  800 
to  1600  meters  did  not  reduce  absolute  target  detection  range  for  ve- 
hicles, but  did  reduce  the  probability  of  detection. 

Figure  5-19  shows  the  general  effect  on  probability  of  target  de-' 
tection  for  tactical  targets  as  a function  of  offset. 
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Figuro  5-19.  Probability  of  Target  Acquisition  as  a Function 
of  Lateral  off3ot-Typical  Data  from  Simulation  Studios 


5. 3. 2. 5 Vibration 


An  excellent  review  of  the  general  effecta  of  vibration  la  that  of 
Crether  (1971).  A review  of  the  effecta  of  vibration  on  vtnunl  acuity  has 
also  been  published  by  Snyder  (1965).  Vibration  impairs  visual  acuity,  and 
is  at  a maximum  at  about  10-25  ilz.  In  moat  cockpit  situations  it  can  be 
alleviated  by  head  restraint.  "The  more  complex  intellectual  tasks,  target 
identification  and  monitoring,  show  no  decrements  related  to  vibration". 
(Grether,  1971,  p.  2.10), 

5. 3. 2. 6 Type  of  Aircraft 

* 

Visibility  toward  the  ground  will  vary  significantly  with  the  type 
of  aircraft  (Kennedy  and  McKechnic,  1970).  The  inherent  geometry  of  the. 
cockpit,  location  of  the  cockpit  in  relation  to  wings,  engine  nacelles  and 
other  obstructions  obviously  can  make  a difference  in  what  can  be  seen. 
Design  requirements  for  fighter  aircraft  require  a minimum  11  dogreon  over 
the  nose  visual  depression  angle  (MIL-STD-850) . Kennedy  and  KcKochnie 
(1970)  present  visibility  data  on  several  typical  aircraft  and  deecribe 
a useful  technique  for  determining  visibility  from  several  typoo  of  air- 
craft. 

Often  the  aircraft  type  is  not  well  suited  for  the  search  role 
assigned  it.  Under  these  conditions  the  observers  try  to  adapt  to  that 
situation.  For  example,  data  reported  by  Erickson  and  Gordon  (1970) 
indicate  that  some  A-4  pilots  may  have  rolled  over  to  observe  since  uome 
of  the  pilots  reported  recognition  ranges  at  locations  which  should  have 
been  masked  from  tho  aircraft  cockpit.  Lookc  (in  Jones,  1972b)  also  reports 
that  when  using  a high  performance  aircraft  in  a low-level  target  search 
vole  it  was  routine  to  conduct  the  mission  flying  upside-down.  Whore  there 
are  significant  inherent  aircraft  visibility  differences,  then  that  air- 
craft with  the  best  visibility  should  be  a prime  candidate  for  a search 
mission. 


3. 3. 2. 7 Crew  Size 


A number  of  experiments  have  been  carried  t determine  whether 
two  crew  members,  carrying  out  n target  acquisitv  . aak  as  a toam,  per- 
form better  than  a single  crew  member. 

The  effects  of  crew  composition  were  studied  by  ZaiUoff,  Jonas  and 
Jahns  (1966),  using  motion  picture  simulation  of  low-lavol  flight,  during 
target  acquisition  performance  for  large,  fixed  targets  by  single  obser- 
vers and  by  two-man  teams.  They  found  that  team#  of  two  observers  ac- 
quired the  targets  at  significantly  greater  ranges  than  singles  obeervors, 
on  average  24  percent  greater  on  the  first  pass  and  15  percent  greater  on 
the  second  pass.  The  teams  also  missed  fewer  targets. 

Similar  resulto  were  found  using  small  tactical  targbte,  except  that 
at  the  fastest  speed  tested,  Mach  1.2,  the  acquisition  ranges  of  the  two- 
oan  teams  rfere  not  significantly  different  from  those  of  single  observers, 


(Jones,  J.anu  and  Otlmour,  1967),  Crew  workload  wan  not  a factor;  however, 
'/.altzclf  (1969)  reported  that  when  realistic  flight  workload  tasks  were 
Imposed  on  the  crew,  two-man  crows  acquired  tnrgeta  at  30  percent  greater 
ranges  than  one-man  crews.  The  improved  capability  of  the  two-man  crew 
seems  to  result  from  simply  doubling  the  number  of  nearchcrs  looking  at 
the  same  urea. 

5. 3. 2.8  Observer  Sent  Position 

Does  it  make  any  difference  where  the  ob  jrvor  olts  in  relation  to 
the  pilot?  A study  by  Forterfield,  et  al  (lwl)  investigated  airborne 
visual  reconnaissance  from  the  nose  versus  aide-looking  stations  of  a B-50 
aircraft.  Six  subjects  performed  the  search  task  at  the  nose  station  and 
six  different  subjects  performed  the  t3sk  at  the  two  side-looking  stations, 
located  aft  of  the  wings.  The  aircraft  flew  at  '180  knots  (336  Km/Hr)  ground- 
speed  and  at  3500  foot  (1067  meters)  above  ground  level.  A mean  of  65  per- 
cent of  the  target  sites  was  detected  by  the  subjects  in  the  two  side 
stations,  whereas  only  36  percent  were  detected  by  the  subjects  in  the  nose 
station.  On  the  other  hand,  for  the  target  sites  that  were  detected,  the 
subjects  stationed  on  the  side  Identified  only  37  percent  of  the  individual 
targets  while  the  subjects  in  the  nose  identified  60  percent.  There  is 
no  explanation  given  for  this  latter  difference  in  identification.  It  may 
be  that  the  nose  station  allows  the  observer  more  time  to  study  the  target 
after  deteccion,  i.e.,  he  was  able  to  detect  the  target  earlier  in  time. 

Scat  position  in  helicopters  made  some  differences  in  a recent  field 
test  reported  by  Amundson,  et  al,  1974.  The  observations  from  the  left 
seat  pooition  of  the  OH-58  were  found  to  be  better  at  absolute  range  of 
target  acquisition  (719  meters)  than  from  either  the  front  (534  metera)  or 
back  (631  meters)  neat  of  the  AH-1C.  The  observers  estimated  ranges 
better  from  both  ..cat  positions  of  the  AH-1G  than  from  the  left  seat  of  the 
OH-58. 

5.3.3  Observer  Variables 

What  characteristics  of  the  observer  affect  his  visual  search  and 
target  acquisition  performance?  While  a variety  of  possible  observer 
variables  have  bean  suggested,  the  practical  number  is  more  limited.  Vis- 
ual acuity  ftr  example  oust  be  o factor,  but  the  careful  selection  process 
used  for  pilots  and  observers  will  obviously  eliminate  those  without  a 
Sliflifliuiu  vutiwfS  ctory  acuity  level.  Intelligence  may  be  important  if  the 
general  population  were  included  but  operational  requirements  tend  to  limit 
selections  and  further  training  should  reduce  any  initial  differences. 

Parkes  (1972a)  reports  that  intelligence  was  related  to  target  acquisition 
performance  in  naive  subjects,  but  not  in  experienced  observers.  The  data 
from  a wide  spectrum  of  studies  do  Indicate  that  observers  vary  over  wide 
ranges  in  measured  performance  while  engaged  in  search  for  targets. 

In  the  reported  simulation  and  field  studies,  the  oboervers  were 
usually  either  military  pilots  or  male  coilese  students  with  measured 
normal  vision.  Only  a very  few  of  these  simulation  and  field  studies 


have  varied  observer  characteristics  in  a controlled  way.  Some  of  the.  lab- 
oratory search  studies  have  considered  observer  variables,  although  in 
these  studies  the  subjects  have  also  usually  been  college  students.  Thus, 
most  observers  have  been  selected  from  a restricted  population.  In  gen- 
eral target  acquisition  observers  are  male,  of  above  average  intelligence, 
and  carefully  selected  for  good  eyesight,  physical  condition  and  probably 
are  well  motivated.  Research  reported  by  Scale.  (1972)  indicates  that 
there  are  no  significant  measured  personality  differences  that  affect 
target  acquisition  performance. 

5. 3. 3.1  Experience  and  Training 

Search  performance  should  improve  with  experience.  The  results  ore 
not  as  conclusive  as  we  might  expect,  however. 

a.  Practice  on  a Search  Task  «•  Laboratory  data  when  searching  com- 
plex displays  generally  show  improved  performance  with  practice.  Baker, 
Morris  and  Seeedman  (1959)  used  a series  of  shapes  with  several  complexity 
levels  in  a visually  projected  set  of  imagery.  They  found  a considerable 
improvement  in  mean  time  to  detect  and  a reduction  in  errors  with  practice. 
Figure  5-20  shows  the  effects  of  continued  practice  on  search  performance. 
This  is  in  line  with  the  expectation  that  the  more  complex  a visuai  task 
the  more  likely  it  is  that  practice  would  lead  to  improvements.  Parkcs 
(1967a)  feund  that  skilled,  experienced  observers  did  better  in  a simulated 
camouflage  search  task.  Experience  seems  to  help  even  in  simple  visual 
acuity  tests.  Taylor  (1964)  undertook  a prolonged  investigation  wherein 
subjects  detected  o disc  of  positive  contrast  presented  iii  the  center  of 
a uniform  background  far  exposures  of  0.33  second.  He  reports  a rapid 
improvement  in  the  average  threshold  level  over  the  first  five  sessions, 
and  a much  smaller  but  consistent  improvement  from  the  fifth  to  the  fif- 
tieth session.  Taylor  recommends  that  o correction  factor  of  1.90  be 
used  to  increase  the  laboratory-type  search  task  times  of  experienceJ 
subjects  to  correct  for  that  experience. 
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Figure  5-20.  Performance  as  a 
Function  of  Practice.  Each 
practice  point  represents  40 
target  recognitions  par  sub- 
ject. Each  point  on  the  curve 
was  derived  from  1280 
observations. 
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Thun,  in  the  more  complex  situations  of  target  acquisition  itonreh, 
one  might  expect  to  find  similar  practice  effects. 

b.  General  Kxpct fence  - In  a simple  search  task  lirickson  (1966) 
found  no  performance  differences  between  12  high  school  boys  and  22  Navy 
i pilots.  A simulator  study  reported  by  King  and  Fowler  (1972)  found  no 
V differences  in  performance  on  a television  target  identification  tank 
between  college  students  und  experienced  pilots. 

Gilmour  (1965)  in  a motion  picture  simulation  used  three  classes 
of  observers:  (1)  non-pilots,  (2)  pilots  on  their  first  exposure  to  tar- 
gets, and  (3)  pilots  on  second  exposure,  The  non-pilots  made  more  errors 
and  achieved  shorter  target  acquisition  ranges  than  the  pilots.  The 
only  statistically  significant  difference,  however,  was  between  non-pilots 
and  pilots  on  second  exposure.  Since  the  non-pilots  did  not  receive  two 
exposures,  dire-t  comparison  of  their  learning  ability  is  not  possible. 

A film  simulation  by  Rusia,  et  al  (1965)  compared  experienced  pilots 
with  non-pilots.  In  this  study,  it  was  found  that  there  were  no  signifi- 
cant differences  in  percentage  of  targets  recognized  or  in  recognition 
range  between  the  two  groups.  The  opposite  result  was  found  by  Parkeo 
and  Rennocks  (1971)  using  television  simulation.  In  this  case  acquisi- 
tion probabilities  were  not  significantly  different  for  the  two  groups, 
but  skilled  subjects  tended  to  report  longer  acquisition  ranges  with  less 
variance.  A similar  result  was  found  by  King  and  Fowler  (1972)  using  a TV 
simulation;  experienced  pilota  were  not  significantly  different  than  coll- 
ege students,  but  the  pilots  were  less  variable  in  performance. 

Little  controlled  field-test  data  are  available.  Rcsuito  reported 
by  Whittenburg,  et  al  (1959b)  v;cre  obtained  from  flight  trials  in  which 
experienced  and  inexperienced  aerial  observers  took  part.  Their  data 
showed  that  the  experienced  observers  were  more  accurate  i.n  target  Identi- 
fication than  the  inexperienced  observers.  Amundson,  Schlanta  and  Sorren- 
son  (1974)  report  no  significant  differences  in  target  acquisition  from 
helicopters  between  groups  of  trained  observers  who  had  from  0 to  2600 
hours  of  combat  experience.  Figure  5-21  shows  the  probable  variability 
difference  in  general  target  acquisition  between  skilled  and  unskilled 
\ >obacrvera. 

c.  Specific  Search  Experience  - Although  the  data  indicate  that 
general  observer  experience  docs  not  necessarily  mean  B°°d  target  search 
capability,  specific  experience  and  training  does  eeem  to  improve  search 
performance.  Heap  (1562)  has  made  a field  comparison  of  first  and  second 
runs  over  a target.  On  the  average,  his  observers  obtained  an  increased 
probability  of  recognition  (87  percent  to  97  percent)  and  an  increase  in 
recognition  range  of  approximately  3000  feet  (914  meters)  on  their  second 
exposure  to  the  target  run. 

Simulator  experiments  in  which  repeated  exposure  to  a particular 
flight  track  has  been  studied  have  shown  performance  improvements  over 
Che  first  four  to  six  runs.  Performance  then  levels  out  with  little  or  no 


further  improvement.  For  instance,  Milnco-Walkcr  (1968)  found  that  target 
recognition  performance  on  the  fourth  run  could  not  be  distinguished  from 
that  ori  any  subsequent  runs.  A further  experiment  (Mardon  and  Milneo- 
Walker,  1969,  as  reported  by  Parkes)  suggested  that  the  improvement  in 
recognition  range  over  the  first  four  runs  was  due  to  learning  of  the 
target  and  its  immediate  surroundings  rather  than  learning  of  the  route. 
Amundson,  Schlanta  and  Sorenson  (1974)  also  found  that  performance  of 
helicopter  observers  tended  Co  improve  on  the  second  flight  over  the 
test  area. 


Figure  5-21.  Target  Acquisition  Performance  of  Skilled 
and  Unskilled  Subjects 


r Anecdotal  reports  from  experienced  pilots  flying  target  acquisition 
mission#  in  combat  also  ir.dic6ta  that  specific  experience  observing  in  a 
particular  area  improves  reported  performance  (Bone,  "Pilots  Panel",  in 
Jones,  1972b). 
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The  conclunlon  seems  to  be  that  general  search  performance  may  im- 
prove slightly  with  observer  experience,  however,  a short  time  of  direct 
exposure  to  the  specific  target  search  situation  is  at  least  ua  important 
as  several  years  of  general  flight  experience, 

d.  Training  - Training  in  specific  target  acquisition  search  tech- 
niques has  proven  to  be  useful.  However,  reports  from  pilots  flying  ob- 
server missions  in  Vlct  Nam,  indicate  that  little  real  practical  visual 
search  training  was  applied  (bone  and  Lookc,  "Pilots  Panel"  in  Jones,  1972b). 
Similarly,  Hughes  (1966)  found  no  differences  in  target  acquisition  cap- 
abilities between  trained,  experienced  reconnaissance  pilots  and  fighter 
pilots.  A special -training  course  in  target  acquisition  using  a tachis- 
toscopic  teaching  machine  also  did  not  improve  performance  over  a group 
of  conventionally  trained  pilots  (Wade,  1964), 

Thomas  (1964)  identified  four  necessary  visual  search  skill  areas 
for  U.  S.  Army  observers:  (1)  detecting  targets  by  methodical  visual 

search;  (2)  identifying  targets  quickly;  (3)  maintaining  geographic 
orientation;  and  (4)  determining  the  location  of  targets.  Classroom 
instruction  and  practical  flight  exercises  to  develop  these  skills  were 
incorporated  into  an  experimental  training  course,  which  was  compared 
in  a simulated  combat  test  against  conventional  Army  observer  training. 
Students  with  only  32  hours  of  experimental  trclning  reached  the  same 
measured  performance  level  as  did  conventionally  trained  Army  aircraft 
observers. 


The  experimental  course  of  instruction  was  prepared  for  use  by  unit 
training  officers,  ns  described  by  Wesson  and  Thomas  (1962)  and  later 
developed  as  a series  of  programmed  text3  incorporating  verbal  material, 
maps  and  photographs  (Dawkins,  1964).  The  programmed  texts  proved  as 
effective  as  classroom  methods  in  teaching  general  search  skills  with  the 
added  advantage  that  training  could  take  place  in  the  field. 


Training  aircrews  to  carry  out  television  target  acquisition  tasks 
presents  particular  problems  owing  to  the  narrow  field  of  view  and  tho  poor 
, quality  of  the  display  as  compared  with  a direct  view  of  the  outside  world. 
( : A specialized  research  program  carried  out  by  Hagen,  Larue  and  Ozkaptan 

(1966)  with  particular  reference  to  television  displays,  determined  whether 
detailed  training  in  the  effects  of  perspective  geometry  would  improve 
the  observer's  ability  to  locate  target  areas.  The  training  consisted 
ptisuilly  of  working  out  a series  of  target  ores  location  problems  on 
statically-eimulated  TV  displays.  The  results  showed  that  this  trein- 
ing,  when  given  in  addition  to  conventional  visual  search  training, 
significantly  Improved  performance  as  compared  with  the  conventional  train- 
ing only;  the  percentage  of  target  areas  correctly  located  being  81  per- 
cent aa  compared  with  68  percent  with  conventional  training. 


A more  detailed  comparison  of  training  techniques  for  visual  search 
of  aerial  photographs  by  U,  S.  Army  trainee*  was  reported  by  Powers,  et 
al  (1973).  In  this  study  visual  search  of  tactical  aerial  photographs 
was  the  subject  of  four  different  training  methods  in  how  to  search; 
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geometric  pattern  scan,  tactical  content  orientation,  a speed  reading 
technique,  and  free  search.  The  tactical  content  orientation  proved  to 
be  the  most  effective  method  when  both  time  of  search  and  error  rotes 
were  considered. 

A prototype  Forward  Air  Controller  (FAC)  training  program  was  de- 
veloped and  tested  for  the  Air  Force  by  Ray lor,  Eochcnbrcnner  and  Valverdc 
(1970).  The  training  was  specifically  oriented  toward  Southeast  Asia 
problems  and  emphasized  visual  content  and  target  background  relationships. 
When  compared  to  an  equivalent  group  who  received  conventional  FAC  train- 
ing the  experimentally  trained  group  scored  significantly  higher  on  a 
criterion  test  developed  specifically  for  this  program. 

The  experiments  cited  show  that  improvements  in  visual  target  acquisi- 
tion performance  can  be  achieved  by  means  of  suitable  training.  In  view 
of  the  increasing  demands  made  on  aircrew  by  higher  speeds  and  the  use 
of  sophisticated  sensor  displays,  specialized  training  should  become  in-" 
creasingly  important. 

5. 3. 3. 2 Expectation 

Expectation  is  defined  as  what,  and/or  where  the  observer  presumes 
the  target  to  be.  In  clacsical  psychological  terms  it  is  similar  to  the 
concept  of  "set".  The  process  of  expectation  is  not  measured;  it  is 
assumed  from  the  details  of  experience,  training,  briefing,  and  required 
performance  criteria.  We  have  no  quantitative  measure  of  expectancy, 
yet  we  are  certain  that  it  does  affect  visual  search  performance.  In 
both  cimulator  and  field  studies  the  moot  logical  way  to  provide  "expec- 
tancy" information  io  through  use  of  briefing  materials,  a subject  to  be 
discussed  later  in  this  chapter. 

Parkeo  (1972)  conducted  a study  using  film  simulation  in  which  use 
of  prepared  briefing  materials  was  emphasized.  The  data  indicate  that 
targets  "expected"  to  be  located  at  tha  point  in  time  and  space  indicated 
by  the  briefing,  were  in  fact  detected  with  o higher  probability  and 
at  shorter  tines  than  those  not  so  located, 

A TV  simulation  study  for  tha  Condor  missile  program  io  reported 
by  Erickson,  Hemingway,  Craig,  and  Wagner  (1974)  where  expectation  probably 

influenced  the  results.  Operators  "flow"  systems  with  two  different  in- 

herent navigation  accuracies.  In  the  test  the  came  small,  near  zero  cross 
range  error  was  actually  used  in  each  of  two  Ust  conditions.  The  reported 
probability  of  acquiring  was  0.87,  with  the  system  expected  by  the  operator 
to  have  as  much  as  5000  feet  (1524  meters)  cross-range  error.  For  the  came 

experimental  conditiona  but  with  a system  the  operator  expected  to  have  as 

large  as  a 10,000  feet  (3048  meters)  cross-range  error  the  reported  proba- 
bility of  target  acquioifcion  was  only  0.62. 

When  we  expect  to  find  a target,  wo  have  a higher  probability  of 
doing  so,  Amundson,  et  al  (1974)  even  report  Chot  the  beat  single  pre- 
dictor of  an  individual’s  performance  in  target  acquisition  ms  tha 
personal  expectation  that  he  vaa  good  at  it. 


5. 3. 3. 3 Motivation 


Thare  arc  almost  no  data  which  report  the  effects  of  motivation  in 
target  acquisition.  The  Condor  simulation  study  reported  by  Erickson 
(1974)  may  be  said  to  include  some  motivation  effect.  When  the  subject 
did  not  expect  to  find  a target  due  to  the  "known"  wide  cross  range 
error  they  may  have  been  leas  motivated  to  search  for  it. 

In  a laboratory  study  of  visual  search  Bloomfield  (1970)  reports 
the  results  of  training  in  visual  search,  using  incentive  payments  (money) 
to  increase  performance.  With  the  use  of  the  incentive,  search  perform- 
ance was  significantly  better  in  time  for  both  response  and  search  than 
on  simple  extended  practice,  with  no  incentive.  However,  the  false  alarm 
rate  also  went  up,  though  not  by  as  much  as  performance  improved.  The 
effect  of  incentive  motivation  thus  was  to  increase  search  overall  per- 
formance, but  also  to  increase  error  rate.  Smith  (1961a)  also  used  money 
incentive  in  a laboratory  search  of  displays.  He  penalized  errors  and 
paid  off  for  speed  and  accuracy.  The  effects  of  the  monetary  incentive 
were  not  reported  in  detail,  however,  those  with  low  performance  were 
paid  less  than  those  who  were  more  accurate.  Figure  5-22  shows  the  re- 
sults of  incentive  payments  for  two  subjects  searching  the  most  complex 
display  used  by  Bloomfield. 
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Figure  5-22,  Effect  of  Money  Incentive  on  Search 
Performance  of  a Visual  Display 


Motivation  probably  helps  target  acquisition;  we  do  not  know  by  bow 
much,  and  especially  we  do  not  know  what  the  effect  is  on  error  ratea. 

5. 3. 3.4  Tank  Loading 


Having  several  competing  tasks  to  perform  during  a time  period  is 
typical  of  piloting  aircraft.  In  practice  an  observer  (not  Just  the 
pilot)  also  usually  has  more  tasks  to  perform  than  just  to  search  for 
targets. 

In  the  vibration  study  cited  (Schohan,  et  nl,  1965)  both  the  pilots 
and  observers  had  additional  duties  to  perform  during  the  three-hour 
simulated  flight  mission.  The  pilots  had  a heavier  work  load  than  ob- 
servers. Pilots  found  61  percent  of  available  targets  while  the  observ- 
ers with  lower  task-loadings  found  73  percent  of  the  targets,  even  though 
more  targets  were  presented  to  the  observers.  Both  pilots  and  observers 
reported  the  low-level  simulated  flight  as  being  subjectively  stressful. 

The  difference  in  search  performance  between  pilot  and  observer  is  probably 
due  to  the  increased  task- loading  of  the  pilot. 

Dickson  (1966)  compared  Bearch,  acquisition  and  tracking  perform- 
ance in  a simulated  TV-guided  missile  delivery  when  the  pilot  had  tasks 
other  than  just  missile  guidance.  He  found  that  the  additional  tasks  de- 
graded performance  only  when  the  missile  was  flown  at  very  low  altituc.e. 
a more  difficult  condition  of  task  loading. 

Rusie,  et  al  (1965)  investigated  range  and  probability  of  target 
acquisition  with  three  levels  of  auxiliary  task  loading.  In  this  cose, 
the  taak  was  to  null  the  error  in  a meter  display  in  the  cockpit  by 
simple,  compensatory  tracking.  Results  indicated  that  there  was  a small, 
but  significant  decrease  in  recognition  range  (0.76  to  0.65  nmi  - 2.6  to 
2.2  Km)  and  an  increase  in  recognition  time  (2.4  to  3.2  seconds)  when 
heavy  tank  loading  was  employed. 

Two  recent  studies  investigated  target  search  using  television 
looking  at  a scale  terrain  model  scene  with  to-scale  military  vehicle 
targets  (Freitas  and  MacLeod,  1973;  Price,  1974).  In  both  studies  the 
displayed  scene  was  rotated,  simulating  changes  in  sensor  line-o£-cight. 

In  the  study  reported  by  Freitag  and  MacLeod  the  operator  responded  to 
taak  load  by  pushing  a button  under  a panel  of  lights  which  were  fleshed 
in  a rendou  pattern.  Observers  searched  for  targets  in  the  displayed 
rotating  scene  under  conditions  of  task-loading  and  no-load.  No  signifi- 
cant differences  in  target  detection  performance  were  found  between  the 
task  load  and  no-load,  however  recognition  ranges  tended  to  be  shorter 
during  "task-load".  The  authors  conclude  that  responding  to  the  lights 
va3  not  a very  complex  task,  and  that  it  hed  little  task  load  effect. 

Price  essentially  replicated  Freitag* s study,  but  imposed  larger 
measured  work  loads  consisting  of  required  readings  of  words  and  numbers 
on  another  display  while  in  the  process  of  detecting  and  recognizing 
targets.  The  imposed  workloads  resulted  in  improved  target  acquisition 


performance  for  heavier  loads.  The  fact  that  improvement  rather  than 
degradation  of  performance  occurred  was  attributed  to  workloads  which  were 
not  heavy  enough  to  degrade  performance.  But  significant  differences 
in  target  acquisition  performance  existed  when  the  subject  was  required  to 
change  his  monitoring  strategy  by  presenting  him  with  information  on 
another  display  which  had  to  be  regarded  as  of  equal  importance  to  that 
contained  in  the  target  scene  display.  Range-to-target  acquisition  scores 
were  degraded  under  this  condition  compared  with  similar  trials  when  he 
monitored  the  second  display  at  his  own  choosing, 

The  results  of  these  studies  indicate  that  imposing  light  task 
loading,  typical  of  routine  operations,  does  not  appear  to  significantly 
impair  target  acquisition  performance.  However,  when  the  operational 
tasks  must  interfere  with  the  target  acquisition  task,  then  performance  is 
degraded. 

5. 3. 3. 5 Stress 


The  search  for  and  the  acquisition  of  targets  in  actual  operational 
conditions  Is  ucually  considered  to  occur  under  conditions  of  high  task 
load  and  stress.  The  effect  of  combined  stress  on  target  search  has  not 
been  subject  to  much  research,  nor  have  there  been  many  reported  studies 
of  combined  environmental  stresses  or.  human  visual  performance  (Murray 
and  McCally,  1973).  EffectB  of  task  loading  (a  kind  of  stress)  have  been 
investigated  as  have  the  effects  of  some  specific  physiological  stressors: 

Temperature  - At  temperatures  of  55°,  75*,  and  105*F.  (12.8*, 

23.9®  and  40.5*  C.),  24  subjects  showed  no  significant  performance  change 
in  a simple  one-hour  target  detection-monitoring  task,  however,  small 
individual  differences  in  detection  were  reported  as  being  correlated  to 
temperature  levels  (Arees,  1963). 

Noise  - Several  laboratory  studies  of  simple  target  detection  in 
the  presence  of  white  noise  indicate  that  loud  noise  (up  to  100  decibels 
SPL)  does  not  significantly  affect  visual  search  for  targets.  Warner 
(1969)  reports  that  response  times  co  search  for  and  find  a simple  tar- 
get on  a display  of  16  similar  target*  (random  letters),  were  not  differ- 
ent for  four  levels  of  noise  control,  80,  90,  and  100  decibels  SPL,  How- 
ever, Warner  found  the  error  rate  for  the  24  subjects  to  bo  lower  as  the 
noise  level  increased.  Warner  and  Heaistra  (1972)  found  opposite  results 
using  displays  of  8,  16,  and  32  characters.  They  report  no  differencee 
in  error  rate,  but  that  display  complexity  was  related  to  performance 
under  noise.  With  the  complex  display  (32  letters)  search  performance 
was  better  at  both  the  90  and  100  decibal  SPL  than  at  less  intense  sound 
levels. 


5. 3. 3. 6 Other 


Other  possible  observer  variables  including  age  and  eex  do  not  appear 
to  significantly  affect  target  acquisition  visual  search.  Within  the 
range  of  ages  usually  involved  in  visual  search  for  target  acquisition 


(21-45  years),  age  accma  to  make  no  significant  difference.  (Erickson, 
1964a,  Erickson,  1966;  Johnston,  1965).  Sex  differences  do  not  affect 
target  Identification  performance  (King  and  Fowler.  1972;  Far ken,  1972). 

5.4  Search  Aids 


There  are  aids  to  search  which  can  help  the  observer.  Knowing 
something  about  what  to  look  for,  when  and  where  to  look,  and  how  to  look 
will  significantly  increase  visual  capability.  Search  aids  that  have 
been  evaluated  for  use  in  visual  target  acquisition  include  briefing, 
cues  and  cueing  devices,  automatic  scanning  techniques,  and  optical  aids. 
Also,  as  previously  noted,  training  in  observation  techniques  will  im- 
prove search  capability. 

Without  adequate  aids  effective  visual  search  1b  significantly  re- 
duced, While  the  eyeball  ia  the  best  available  all-around  sensor  for 
target  acquisition,  it  still  helps  to  know  where  to  look  and  what  to  look 
for.  The  eye  has  a relatively  small  foveal  area  where  moat  of  our  fine 
detailed  resolution  occurs  (Section  2.2).  Assured  target  acquisition 
performance  requires  that  we  place  the  fovea  on  the  target.  This  rela- 
tively small  cone  of  detailed  resolution,  about  2®  binocularly,  requires 
precision  pointing.  Help  in  "where  to  point"  is  the  function  of  search 
aids. 


The  very  real  need  for  aids  to  search  is  clearly  illustrated  in  a 
study  of  target  acquisition  reported  by  Brown  (1960).  The  objective  of 
the  study  was  to  develop  and  verify  « method  of  estimating  - - "detection 
probabilities  associated  with  the  process  of  visually  detecting  a stat- 
ionary vehicle  from  an  attack  aircraft",  (Brown,  page  1).  As  port  of 
the  study  eight  pilots  flew  one  mission  each  at  1500  feet  (457  meters), 
and  one  at  5000  feet  (1524  meters)  altitude.  Flight  speed  in  the  T-2C 
aircraft  was  a nominal  200  knots  (371  Km/Hr).  This  test  exercise  was 
equivalent  to  reconnaissance  over  unfamiliar  territory  with  no  kind  of 
search  aid.  There  was  no  briefing  as  to  probable  targets  nor  was  there 
even  any  prior  familiarization  flight  over  the  area.  The  only  search 
aid  of  any  kind  provided  was  a map.  Each  pilot  stayed  30  minutes  on 
station,  flying  a planned  route  over  an  Army  field  exercise  area.  He  was 
required  to  fly  and  navigate  the  aircraft.  When  a target  was  found  an 
umpire  in  the  aircraft  rear  seat  noted  its  location,  that  of  the  aircraft, 
and  the  time  on  a 1:50,000  scale  tactical  map.  The  umpire  did  not  partic- 
ipate; he  simply  recorded.  The  search  area  was  J44  Gquare  mileo  (373 
square  meters)  c £ rolling,  brown  California  hills  at  Hunter  Liggett 
Military  Reservation.  The  targets  v?are  approximately  250  U.  S,  Army 
vehicles,  tanks,  and  personnel  carriers  which  were  present  in  the  area 
on  an  Army  teat  exercise.  The  umpire  later  verified  the  pilot's  visual 
sightings  by  cross-checks  with  the  Army  reports  of  vehicle  pooitions. 

(The  concurrent  Army  test  exercise  included  accurate  vehicle  locations 
as  a requirement).  The  reported  probability  of  detection  of  a stationary 
vehicle  in  the  open  within  1500  feet  (457  meters)  to  either  side  of  the 
pilots  flight  path  was  0,15  from  the  1500  foot  (457  meter)  altitude  and 
0.03  from  the  5000  foot  (1524  meter)  altitude.  Ho  targets  were  detected 


at  ground  ranges  of  over  2000  yards  (1829  meterc).  Surface  visibility 
was  reported  to  be  30  miles  (48. 3 Km)  on  each  of  the  flying  days.  Fin- 
ally, the  Navy  pilots  had  from  3 to  10  years  experience  in  attack  squad- 
ronr,  and  five  were  Korean  War  veterans. 

Clearly,  without  search  aids  target  acquisition  suffers.  This 
section  considers  the  ways  In  which  search  for  and  acquisition  of  targets 
can  be  aided.  These  include  prebriefing,  use  of  cues  to  aid  search,  use 
of  extra-observer  devices  on  aids,  and  use  of  vision-supplementary  tech- 
niques such  as  binoculars. 


5.4,1  Pre-briefing 


The  traditional,  most  used,  and  in  many  ways  most  useful  aid  to 
search  is  a thorough  briefing  about  Che  target  and  target  area.  Adequate 
briefing  provides  two  kind#  of  information.  First,  information  about  the 
area  in  which  the  target  1#  located,  the  terrain  and  related  complexity  in 
which  the  target  may  b*  hidden.  Thus,  it  reduces  the  uncertainty  about 
where  to  look.  Second,  it  provides  meet  specific  information  about  what 
to  look  for.  The  standard  form  of  briefing  aid  for  target  acquisition  is 
a map  or  chart.  Aerial  photographs  which  give  a more  realistic  view, 
either  vertical  or  oblique,  are  also  often  used.  Verbal  descriptions 
of  the  targets  and  the  target  area  are  typically  part  of  the  briefing 
process  as  is  any  other  intelligence  information  available.  As  illus- 
trated in  the  cited  report  by  Broun,  with  no  briefing  about  probable 
targets  and  no  details  about  the  area  of  search,  the  probability  of  tar- 
get acquisition  is  low.  That  being  the  case,  what  kinds  of  briefing 
materials  are  effective? 


Maps  are  used  both  for  navigation  to  the  target  area  and’  for  more 
detailed  target  acquisition. 

The  detailed  subject  of  navigation  i#  beyond  the  scops  of  this 
Bource  book.  There  is  an  excellent  review  of  navigation  maps  and  tech- 
niques in  "Aeronautical  Charts  and  Map  Display*",  JANAIR  Symposium  Re- 
port, edited  by  McGrath  (1966),  Hote,  however,  that  navigational  uncer- 
tainty can  indeed  cause  the  target  to  be  »i68«d.  McGrath  reports  that 
navigational  check-point  average  location  srrora  are  typically  1,5  nauti- 
cal  miles  (2.8  Km)  and  tend  to  increase  a*  distance  from  the  initial 
point  increases.  • This  could  mean  that  the  target  area  is  missed;  at 
b«*t  *t  ~-v  -nan  .m  nffssr  from  the  planned  routs  of  attack.  McGrath 


(1969)  reports  a JTF-2  study  which  showed  that  pilot*  who  were  properly 
oriented  on  the  final  target  run  made  fewer  error*  and  acquired  targets 
at  longer  ranges  than  thoe*  not  geographically  oriented,.  When  using 
map*  (or  any  other  briefing  materials)  for  target  acquisition  briefing 
we  must  recognize  the  probability  of  navigational  uncertainty. 


While  the  use  of  maps  as  navigational  aids  has  been  well  investi- 
gated there  are  few  data  on  the  moot  effective  map*  for  target  acquisi- 
tion purposes.  If  s map  is  practical  for  visual  navigation  it  io  usually 
assumed  that  it  will  also  be  uaeful  for  target  acquisition.  However, 


visual  navigation  depends  upon  the  use  of  prominent  check-points  which 
are  also  easily  identified  on  the  map.  Targets  are  usually  smaller  and 
more  difficult  to  locate.  An  effective  navigation  briefing  may  not  be 
effective  for  target  acquisition. 

Heap  (1966a)  reports  field  teat  data  showing  that  both  navigation 
and  target  acquisition  performance  are  improved  by  increasing  map  acale 
from  .1/4,  and  1/2  inch  per  mile  to  1 inch  ••  1 mile,  Figure  5-23,  taken 
from  Parkes  (1972),  shows  this  relative  improvement  in  target  acquisition. 


SOURCE:  HEAR  (1966)  AS  WOTtO  111 
W.RKES  (1972) 

Figure  5-23,  The  Effect  of  Hap  Scale  on 
Target  Acquisition  Performance 

However,  a study  of  TV  target  acquisition  reported  by  Parke o (1972) 
using  naiva  (subjects  showed  that,  in  general,  addition  of  a section  of 
1 inch  « 1 mile  map  covering  the  final  approach  to  tha  target,  to  the 
standard  1/4  inch  « 1 mile  route  map  did  not  improve  target  acquisition 
performance.  The  only  (significant  difference  found  was  that  the  propor- 
tion of  targets  correctly  identified  at  a range  of  10,000  feet  (3048  me- 
ters), just  before  the  targets  left  the  lower  edge  of  the  display,  was 
higher  when  the  1 inch  « 1 mile  maps  were  also  uoed.  The  artificial 
lower  limit  of  10,000  feet  (3048  meters)  range  oay  have  influenced  the 
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results;  the  larger  scale  is  useful  qhly  at'  closer  ranges.  Naive  sub- 
jects could  also  be  presumed  to  be  less  skilled  at  taap  rending  than  ex- 
perienced pilots. 

Photographs,  cither  vertical  or  oblique  are  useful  briefing  mater- 
ials. More  detail  is  shown  than  on  a map,  even  one  of  relatively  large 
scale.  They  also  show  textures  and  tones  which  cannot  be  represented  on 
a map.  However,  the  very  great  detail  provided  by  aerial  photograph  can 
be  confusing  in  some  cases.  (Thomas,  1962).  Increasing  detail  does  not 
necessarily  improve  target  acquisition  performance.  For  example  at  a 
recent  symposium  (Mcister,  1974)  R.  G.  Johnson  reported  th^t  using  color 
aerial  photograph?  (in  Viet  Nam  operations)  as  an  aid  to  target  acquisition 
was  very  disappointing.  (No  quantitative  data  were  provided). 

Oblique  photographs  arc  valuable  as  briefing  aids.  Perspective  and 
masking,  not  shown  on  verticals,  are  accurately  represented.  The  view  of 
the  target  shown  it<  a forward  oblique  photograph  depends  critically  on 
the  altitude  and  axis  from  which  it  is  taken.  Differences  in  altitude 
and  depression  angle  result  in  changes  in  the  apparent  perspective. 

Different  position  of  features  appearing  within  the  field  of  view,  and 
in  apparent  spatial  relationship  to  the  target,  may  also  be  confusing. 

Where  practical,  the  oblique  photograph  should  be  as  nearly  like  the 
attack  position  as  possible. 

i 

1 

Thomas,  (1964)  as  cited  in  Greening  and  Snyder  (1967),  cade  an  in- 
vestigation using  vertical  photographs  of  real  terrain  viewed  through  a 
TV  with  a four  inch  (10.2  cm)  or  two  inch  (5.08  cm)  lens,  which  was 
approaching  the  photograph  at  a simulated  speed  of  1000  feet  (304.8  maters)/ 
second.  The  task  was  target  recognition  only.  The  results  permit  some 
comparison  between  situations  in  which  the  briefing  photograph  was  at  the 
same  scale  as  the  teat  imagery  or  at  a different  3cale,  and  also  the 
situation  in  which  a 1:50,000  scale  topographic  map  was  used  instead  of  a 
photograph  for  briefing.  The  results  are  shown  in  Table  5-1.  These  re- 
sults (for  a very  special  condition)  indicate  that  the  more  nearly  like 
the  actual  situation  the  briefing  can  be  the  better  will  be  performance. 

‘..TABLE  V5-l» 

Recognition  Performance  vs.  Briefing  Material  Characteristics 


Briefing: 

4-in  (10.2  cm)  TV  Lens 

2-in  (5.08  era)  TV  Lens  i 

Photo 
Same  Scale 

Photo 

Diff.  Scale 

Photo 

Sana 

Photo 

Different 

Recognition  tics  (sec 

:)  36.4 

55.9 

54.1 

61.8 

60.3 

5 

Altitude  at  recog-  * 59.6 

36.1 

41.9 

34.2 

27.7 

nition  (Thousand  ft' 

(18.2  a) 

(U  m) 

(12.8  a) 

(10.4  a) 

(8.4  m) 

Errora/per  Triple 

1/24 

4/24 

4/24 

7/24 

10/24 

S: 
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Kusls  and  Kavllngs  (1966)  report  a laboratory  study  ualng  motion 
picture  simulation  to  determine  the  effects  of  five  different  operational 
types  of  briefing  Information  upon  air-to-ground  target  recognition  per- 
formance# The  five  types  were  as  follows: 


Typo  I 

(a) 

Ground-track  map 

(b) 

500  ft,  (152  meters)  altitude  oblique  target 
photos 

(c) 

1000  ft  (305  meters)  altitude  vertical  target 
photos. 

Typo  II 

(a) 

Ground-track  map 

(b) 

500  ft.  (152  m)  altitude  oblique  target  photos. 

Type  ill  - 

(a) 

Ground-track  map 

(b) 

1000  ft  (305  m)  altitude  vertical  target  photos 

(O 

Notes  from  pre-mission  briefing  on  a 10,000  ft 
(3048  m)  altitude  strip  mosaic  showing  vertical 
view  of  the  ground  track. 

Type  IV 

(a) 

Ground-track  map 

(b) 

1000  ft  (305  m)  altitude  vertical  target  photos. 

Type  V 

(a) 

Ground-track  map 

(b) 

Notes  from  pre-mission  briefing  on  witter, 
descriptions  of  the  targets. 

Thirty  subjects 

(6  ! 

per  each  type  briefing)  viewed  motion  pictures 

recorded  on  a flight  from  Log  Angelos  to  Bakersfield  nnd  return;  thirty 
fiKflrf  targets  were  uoed,  typically  largo  (reservoir,  airport)  and  medium 
(ft  bridge,  evtsrpaso)  in  sire#  The  results  are  ahown  in  Figure  5-24; 
clearly  the  firot  two  types  of  briefing  wore  more  effective.  This  con- 
clusion ia  supported  by  statistical  analysis  which  showed  Type  II  to  bo 
•Ignlf leant ly  better  In  all  but  one  of  the  several  measures  of  response 
lined  t in  that  one  measure  - percent  errors  - the  Type  I briefing  was 
slightly  better.  The  reeults  cf  this  experiment  Indicate  that  the -host 
briefing  for  target  recognition  purposes  is  that  which  approximatQ3  moat 
closely  the  iemgary  actually  viewed  by  the  pilot  during  hie  mission,  i.«,, 
oblictu*  photographs, 

The  rcoulta  also  varied  as  a functlcn  of  specific  targets*  Some 
target*  ware  recognised  by  all  subjects  under  all  experimental  conditions, 
list's  performance  ws#  affected  by  variables  such  as  target  size,  target 
"prominence'’ , or  taraet-to-bacUgtwd  contrast.  In  other  words,  the 
"e«#y  to  find"  target#  were  reported  *.nder  alt  briefing  types.  Briefing 
by  obiiqus  photo#  was  especially  useful  for  the  hard  to  find  targets, 

a study  using  raocion  picture  simulation  reported  by  Johns  (1969) 
also  indicate#  that  briefing  with  photos  io  especially  useful  in  aiding 
rapid  acquisition  of  conspicuous  isolated  targets.  For  those  targets  am* 
bsddsd  in  complex  backgrounds  the  effects  are  loss  spectacular;  hares  the 
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requirement  Is  for  more  detailed  information  about  the  background  to  en- 
able the  observer  to  make  maximum  use  of  contextual  relationohips.  The 
oblique  photograph  proved  to  be  especially  useful  as  un  indicator  of 
target  context. 
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Figure  5-24.  Cumulative  Percent  Recognition  as  a Function  of  Range 
for  tho  Reconnaissanco/Intolligence  Conditions 

Parkea  (1972)  investigated  effects  of  briefing  on  TV  target  acquisi- 
tion using  simulation.  Har  data  reported  in  the  1972  AGARD  symposium  also 
indicated  that  the  more  cloeely  the  briefing  information  reoemblcs  the 
actual  target  and  surrounding  area  the  more  offactive  it  i».  Four  differ- 
ent type*  oi  briefing  materials  were  ussd:  (1)  maps  only,  (2)  an  oblique 

to-scale  line  diagram  of  the  target  area,  (3)  an  obliquo  to-scalc  line 
drawing,  (4)  oblique  photographs  of  the  target  area.  The  oblique  line 
diagram  and  line  drawing  ware  sketched  freehand  based  eolely  on  information 
available  from  a li62,500  scale  map.  The  drawing  woo  oriented  in  the  some 
direction  to  the  target  ae  the  simulated  aircraft  line  of  approach,  Two 
oblique  photos  were  ueed,  one  slightly  off  oet  from  the  target.  Seven  ex- 
perimantul  briefing  condition*  ware  evaluated  with  six  experienced  Royal 
Air  Force  pilots  assigned  to  each  briefing  condition.  All  oubjecte  were 
allowed  a*  much  time  ss  necessary  to  atudy  tho  briefing  materials,  typi- 
cally 5-10  minute*.  The  target  was  a road  junction.  Briefing  conditions 
and  general  results  for  each  condition  ore  as  shown  in  Table  5-XI. 
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tabu:  5- it 


Comparison  of  Brief  Ins  Aid  Kf  f cot  Ivencas  on  TV  Target  Acquisition  lining 

Simulation 


Briefing  Condition 

Probability 

Correct 

Identification 

Probability 

Coraslaslve 

Rrror 

<1)  Route  reap  only 

0.55 

0.20 

(2)  Route  map,  plus  1 Inch:  1 nils 

nap  a«c t ion 

0.50 

0.20 

(l)  Route  nap  plu*  1/A  Inch:  1 nlle 
diagram 

0.61 

0.18 

(A)  Route  reap  plus  1 Inch:  1 tails 

dlagraa 

0.65 

0.25 

(5)  Route  nap  plus  reap  section  plus 
1 lnch:l  nlle  diagram 

0.60 

0.19 

(6)  Route  sap  plus  "off  set"  photo 

0.76 

0.19 

(7)  Route  reap  plus  "on-track"  photo 

0.68 

0.18 

(Route  Ksp  Seale:  1/4  Inch:  1 nlle) 

SOURCE:  PARKES,  1972b 


Statistical  comparisons  showed  that  conditions  (6)  and  (7) (photos) 
were  significantly  better  than  the  tnap  briefings,  (1)  and  (2).  Use  of 
the  photo,  (6)  was  also  better  than  the  diagram,  (5);  end  the  diagram 
(4)  was  better  than  the  maps  (2).  The  photograph,  diagram,  and  map  con- 
ditions were  combined  and  the  results  are  as  shown  in  Figure  5-25. 


Figure  5-25.  The  Effect  of 
Briefing  on  Target 
Acquisition  Performance 


S0O*Cf;  WKKIJ. 
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Par  ken ! results  suffer  from  one  limitation  however:  the  visual 

simulation  ceased  at  10,000  feet  (3048  meters)  range.  This  may  mean 
.that  the  larger  scale  maps  would  not  be  as  useful.  The  detail  inherent 
in  them  may  not  be  as  obvious  as  would  be  the  case  at  a shorter  range. 

For  the  tactical  situation  which  was  being  simulated,  release  of  a missile 
outside  a nominal  10,000  foot  (3048  meter)  range,  her  data  are  useful 
however. 

Classified  field  test  results  from  Joint  Task  Force  2,  Volume  7 also 
indicate  that  the  best  briefing  information  is  that  which  most  nearly 
duplicates  the  scene  as  viewed  by  the  observer.  The  more  we  know  about 
the  target  area  and  the  specific  target  the  better  target  acquisition  per- 
formance is  likely  to  be. 

An  investigation  of  briefing  techniques  was  conducted  as  part  of 
the  JTF-2  simulation  series  of  studies  (JTF-2,  Test  4.1,  1968),  as  re- 
ported by  Bliss,  1974,  Seven  briefing  levels  were  investigated. 

Briefing  level  No.  1,  which  was  the  lowest  level  cf  briefing  specif- 
icity, consisted  of  a designation  of  areas  *-o  be  searched  for  specific 
kinds  of  verbally  described  target  categories.  This  was  the  only  target 
Information  provided.  The  pilots  were,  in  addition,  provided  with  1:500,000 
scale  aeronautical  charts  on  waich  was  marked  the  corridor  they  were  to 
fly.  Conspicuous  checkpoints  were  available  and,  presumably,  the  flight 
paths  indicated  all  went  directly  across  the  targets.  At  this  briefing 
level,  for  the  12  targets  flown  against,  the  target  acquisition  proba- 
bility was  0.58  and  the  average  target  acquisition  range  was  6,400  ft 
(1951  meters). 

Briefing  level  No.  2 consisted  of  a much  more  detailed  verbal, 
written,  and  map  presentation.  Exact  target  position  information  (that 
is,  geographical  location)  provided  and  detailed  flight  planning  in- 
formation was  available  to  the  pilots.  At  this  briefing  level  the  target 
acquisition  probability  was  0.68  and  the  average  range  at  target  acquisition 
was  7,700  ft  (2347  meters). 

At  briefing  level  No.  3 all  of  the  level  2 information  plus  high- 
altitude  vertical  photographs  of  the  target  and  its  immediate  surround- 
ings were  provided.  At  this  level  the  probability  of  target  acquisition 
was  0.74  and  the  average  range  at  target  acquisition  was  7,000  ft  (2134 
meters). 

Briefing  level  No.  4 included  all  of  the  level  2 information  pro- 
vided, plus  low-altitude  forward  obliques  of  the  target  area  (presumably 
taken  from  the  correct  azimuth  to  the  target).  Target  acquisition  proba- 
bility was  0.78  and  target  acquisition  average  range  was  8.400  ft, 

(2560  meters). 

Briefing  level  No.  5 provided  all  of  the  materials  of  levels  2,  3, 
and  4.  This  was  the  "standard"  briefing  and  was  the  briefing  level  used 
in  the  actual  flight  test  program.  Here  the  target  acquisition  proba- 
bility was  0.81  and  the  average  target  acquisition  range  was  8,700  ft 
(2652  meters). 
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brief ing  level  No.  6 involved  all  of  the  information  from  level  5, 
plus  botli  vertical  and  oblique  moaalca  lending  in  from  the  final  check- 
points to  each  target.  At  this  level,  probability  of  target  acquisition 
j ~ 0,7(5  and  average  range  of  target  acquisition  was  9,700  ft  (2957 

i ors). 

The  final  briefing  level.  No.  7,  Involved  first  a level  1 briefing, 

‘ then  a reconnaissance  sortie  at  low  level  over  the  targets,  and  .finally 
a level  6 briefing  followed  by  the  target  runs.  At  this  final  level, 
i probability  of  target  acquisition  was  0.82  and  average  range  at  target 

5 acquisition  was  9,900  ft  (3018  meters). 

; The  two  significant  changes  in  performance  as  a function  of  brief- 

y ing  level  were  In  going  from  level  1 to  level  2 and  from  level  3 to  level 
j 4.  Level  1 was  the  minimal  briefing  and  level  2 was  a detailed  verbal 

t briefing.  The  difference  between  levels  3 and  4 was  the  addition  of  an 

oblique  photograph  ct  level  4.  Differences  between  levels  2 and  3,  which 
Involved  the  addition  of  a vertical  photograph  on  top  of  the  detailed 
verbal  briefing,  were  not  impressive. 

Target  difference  accounted  for  89  percent  of  the  total  performance 
variation;  while  briefing  accounted  for  8 percent  of  the  total*  perform- 
ance variation.  A part  of  this  target  difference  was  due  to  differences 
target  availability  as  a function  of  ground  masking.  When  the  effects 
A masking  were  eliminated  targets  accounted  for  66  percent  of  perform- 
ance variation  and  briefing  accounted  for  26  percent, 

5.4.2  Cueing 

One  very  good  w.^.y  to  aid  visual  search  for  targets  is  to  cue  where 
or  when  to  look.  If  the  observer  can  place  his  narrow  foveal  cone  of  high- 
resolution  vision  precisely  on  a probable  target  area  and  keep  it  there 
for  a few  seconds  inspection  then  the  probability  of  target  acquisition 
rapidly  rises.  For  our  purposes  a cue  is  simply  a means  of  directing 
the  observer's  attention  toward  a specific  location  and,  in  some  cases, 

\t  a certain  time,  Two  general  types  of  cues  exist,  (1)  those  that  occur 
in  the  natural  context  of  the  target  or  target  area,  and,  (2)  those  pro- 
vided by  some  type  of  automatic  aid  using  the  total  target  acquisition 
and  attack  system,  Natural  occurring  cues  are  the  subject  of  this  sec- 
tion. Target  acquisition  system  techniques  will  be  discussed  in  the 
next  section. 

Nearly  all  of  target  acquisition  research  has  operated  on  the 
assumption  that  the  observer  was  searching  for,  and  reacting  to,  the 
target  ae  defined  by  the  briefing  material  and  procedures.  However,  it 
la  evident  that  when  an  observer  io  searching  for  a bridge  he  is  only 
partly  behaving  as  an  image-matching  device.  He  also  carries  with  him 
considerable  knowledge  of  the  nature  of  bridges.  Hie  searching  for  a 
railroad  bridge  across  a river  will  obviously  be  concentrated  in  river 
valleys  and  will  not  involve  a random  or  systematic  scanning  of  the 
entire  terrain.  Ho  expects  to  find  a bridge  over  a river  at  the  inter- 
section of  the  river  and  e railroad.  River  and  railroad  then  become  cues 
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for  tills  ml  ns  I on.  If  brief  inf,  materials  arc  prepared  with  u knowledge  of 
wb.it  ciiok  are  useful,  and  thus  umphnalze  what  cues  are  to  be  expected, 
better  target  acnuislt ton  performance  nhould  result. 

A classified  study  reported  by  l.evy,  et  al  (1963)  used  a terrain 
model  and  TV  simulation  (Section  6.4.3).  The  simulated  problem  was  to 
guide  a remotely  piloted  missile  to  a target  area  and  acquire  a pre- 
briefed target.  For  both  target  area  acquisition  and  more  precise 
target  location  the  observers  reported  use  of  roads  moot  often  a«  non- 
target  cues,  and  patterns  of  cultivated  fields  as  their  next  choice. 


haPortc  and  Calhoun  (1966)  performed  a study  specifically  for  the 
purpose  of  investigating  target  cues.  The  simulation  study  wao  conducted 
using  a forward-looking  color  motion  picture  obtained  from  low  altitude 
over  Southern  California.  The  film  was  stopped  periodically  during  the 
approach  to  each  target.  Many  of  the  stops  occurred  well  before  the 
target  was  actually  visible.  At  each  stop,  the  subject  was  required  to 
estimate  the  location  of  the  assigned  target,  to  record  his  level  of 
confidence,  and  to  describe  briefly,  in  writing,  the  most  important  clues 
that  influenced  his  judgment.  Whilo  necessarily  subjective  and  non- 
analytical  the  results  are  illuminating.  Based  upon  4600  responses, 

63  percent  of  the  information  about  possible  target  locations  was  non- 
target  related  while  37  percent  pertained  to  the  target  or  the  immediate 
target  context.  The  most  frequently  reported  non-target  cues  were  roads, 
the  next  were  open  areas. 

Recent  research  reported  by  Hitchell  (1971)  as  described  by  Parkes 
(1972a)  has  also  shown  that  non-target  features  arc  more  important  than 
target  features  in  determining  acquisition  performance.  Thin  work,  a 
study  of  nubjective  estimates  of  important  parameters  in  torget  acquisi- 
tion, Indicated  that  the  following  three  characteristics  ware  of  major 
nubjective  importance;  whether  or  not  the  target  was  visually  prominent 
against  its  background;  whether  the  target  was  in  a complex  or  nimplc 
environment;  and  whether  there  were  mapped  identification  features  (i.e., 
cues)  around  the  target. 


Freitag  and  Jones  (1973)  report  a study  of  TV  target  acquisition 
in  which  the  four  target  areas  were  chosen  so  as  to  have  different  cue 
valuet  (1)  a road  intersection  which  had  little  extent  but  * strong  cue 
value,  (2)  a railroad  bridge  v/here  two  large  rivers  provided  strong  cues, 
(3)  a road  bridge  over  « single  river/  with  50  percent  contrast,  and  (4) 
a second  road  bridge  of  same  approximate  size  as  (3)  but  with  only  10  per- 
cent contrast.  While  the  primary  objective  oi  the  study  was  concerned 
with  TV  FOV,  the  effects  of  strong  cue  value  are  cloir.  .-Mean  oaarch 
tlrnae  for  various  POV'e  varied  from  3 to  7 seconds  and  oven  the  low- 
contrast  bridge  was  acquired  in  from  3 to  12  seconds.  These  time#  are 
significantly  less  iuaft  those  for  briefed  but  ur.cued  £argstsf  reported 
by  Bergert  and  Fowler  (1971)  or  Snydor  and  Calhoun  (1965). 


The  U.  S.  Army  has  conducted  r.  aeries  of  tests  to  determine  the 
capabilities  of  helicopter  crews  to  detect  and  then  redotoct  a (selected 
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target  array  (as  reported  by  Thornton,  et  al,  1973).  Helicopters  with 
two  man  crews  (pilot  and  observer)  navigated  to  a target  area,  and  de- 
tected a torget  array  of  seven  tactical  vehicles  at  a range  of  4 to  5 Km. 
The  helicopter  then  went  behind  mask,  maneuvered  to  a firing  position 
"popped-up",  and  rcdetected  at  2 to  3 Km.  The  target  array  was  otatic 
on  some  test  runs,  and  moving  for  others.  The  crow  members  wore  asked 
to  evaluate  what  cues  they  believed  to  be  important  in  their  target  de- 
tection. The  results  are  shown  in  Table  5—111* 

Natural  cues  can  be  highlighted  in  briefing  materials.  Useful 
context  cues  that  have  been  proven  valu*.  te  are  any  outstanding  llneAr 
objects  (railroad,  roads,  rivers,  river  .unctions)  large  open  areas 
(airfields,  lakes),  and  items  with  high  natural  contrast  or  large  size 
(buildings,  storage  tanks,  farms). 


table  i-m 

Detection  Curt,  TGU/Cobra 


Detection 

Cue 

How 

Helpful 

I'»rc«nt*i« 

Ratines  tvi 

Cobra 
Pilot* 
H - 23 

Cobs  a 
Gunner* 
M - 23 

Oust  froa 

1. 

Hone 

n 

n 

target 

2. 

Slightly 

i: 

20 

3. 

Moderately 

4 

4 

4. 

Ext  ready 

ft 

0 

Tartet  Size 

1. 

Hone 

12 

4 

2. 

Slightly 

16 

32 

3. 

Modern! sly 

4 ft 

4ft 

4, 

Ext  ready 

4 

16 

Turret 

1. 

None 

6ft 

56 

Hovcient 

2. 

Slightly 

ft 

ft 

3. 

Modcr.ndy 

12 

24 

4. 

Extretsely 

12 

12 

Simulated 

1. 

None 

32 

24 

Weapon 

2. 

Slightly 

20 

12 

Sif, nature 

3. 

Moderately 

36 

16 

4, 

Extrcoaly 

12 

48 

Terfiet 

1. 

None 

32 

48 

Shadow 

2. 

Slightly 

36 

32 

1. 

Moderately 

B 

20 

4* 

FjEtreas.y 

0 

0 

Color 

1. 

Hone 

» 

4 

Contrast 

2. 

Slightly 

12 

4ft 

3. 

Moderately 

34 

36 

4. 

Extrcoely 

20 

(2 

Hatal 

1. 

Non* 

46 

44 

Glint 

2. 

Slightly 

26 

32 

3. 

K<xJ*r*t4jy 

20 

4 

4, 

Extretwly 

20 

0 

NOTE!  Percentages  not 

adding  to  1002  are  dux  so  "(to  respenaet1’. 

Source;  Thornton,  «t  al.(1023) 
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5,4,3  Syntcm  Search  Aida 


It  is  possible,  and  obviously,  may  be  very  desirable,  to  provide 
the  observer  with  some  sort  of  aid  to  help  him  in  his  search  for  targets. 
Typically,  the  electro-optical  (E-0)  devices  uo  n group  - TV,  FUR,  LLLTV, 
etc.,  - are  used  to  aid  visual  search.  Since  Chapter  4 discusses  F.-0 
device?  in  some  detail  they  will  not  be  considered  here. 

Other  ways  of  artificially  aiding  target  acquisition  search  have 
been  reported,  however.  Two  general  types  of  Bystcras  have  been  subjected 
to  experimental  trial.  One  group  makes  use  of  the  aircraft's  on-board 
capability  to  more  accurately  predict  probable  target  location  in  space 
or  time.  The  second  general  class  depends  upon  some  outside  (the  aircraft) 
agency  to  help  find  the  target. 

Several  on-board  techniques  have  been  subjected  to  experimental 
evaluation.  In  general  these  search  aids  have  not  shown  a large  increase 
In  range-to-target  recognition  but  have  shown  a significant  reduction  in 
numbers  of  targets  missed. 

Navigational  uncertainty  may  result  in  a larger  search  area.  Any  way 
to  reduce  navigational  error  should  reduce  the  total  search  requirement  and 
thus  bring  about  an  improvement  in  performance.  Ona  of  the  more  common  way6 
of  reducing  range  uncertainty  Is  by  providing  time-to-go  information,  i.e., 
informing  the  operator  of  the  expected  time  of  the  target's  appearance, 
based  upon  some  sort  ot  navigation  procedures. 

Ruais  and  Calhoun  (1965)  found  that  the  provision  of  time-to-go  infor- 
mation, in  the  form  of  a verbal  countdown  evsry  5 seconds  ea  the  observer 
flaw  to  the  target,  significantly  improved  acquisition  probability  and  num- 
ber of  missed  targets  ns  compared  ’.i-.h  the  *no  countdown'  situation.  There 
was  however,  no  effect  on  acquisition  range,  A motion  picture  simulation 
was  used  in  this  study.  Subjects  searched  for  20  pro-briefed  targets  in 
sequence  on  the  filmed  run.  The  experimenter  provided  vorbal  countdown, 
starting  at  65  seconds  before  the  target  was  duo  and  indicating  every  5 sec- 
onds, i.e.,  65,  60  — - - 10,  5,  4,  3,  1.  Two  aircraft  speeds  were  simu- 

lated, 198  and  792  knots  (367  and  1460  Ka/Hr).  The  interval  between  targets 
varied  from  1 to  3 minutes  at  198  knots  (367  Kra/Kr)  and  was  one  fourth  less 
at  the  higher  speed.  Tht  subjects  missed  23  percent  of  Cergets  with  no 
countdown  but  only  13  percent  with  countdown.  Aircraft  speed  was  signifi- 
cantly related  to  target  acquisition  range,  although  even  at  the  higher  speed 
countdown  aided  performance,  Figure  5-26  shows  the  results  in  terms  of 
recognition  ranges. 

One  other  possible  approach  to  aid  search  which  uses  the  aircraft's 
on-board  capability  has  been  experimentally  evaluated  by  Stuna,  Snyder, 

Wyman  end  Rawlings  (1366).  Target  pre-designation  was  used  to  display  to 
the  pilot  the  expected  location  of  the  target  computed  dynamically  from 
the  aircraft  inertial  navigation  oyuten.  In  a motion  picture  simulation 
experiment,  40  subjects  were  used  in  a factorial  experimental  design.  The 
subjccta  searched  for  15  different  targets  ot  a speed  of  495  knots  (917 


Km/Hr).  "Prcdenignation"  was  effected  by  displaying  a bar  to  t2»e  operator 
on  screen  (i.e,,  as  if  it  were  seen  on  the  wind  screen  of  a heads-up  display). 
The  predeBignation  bar  was  in  one  of  three  positions,  a horizontally  oriented 
croas-range-only  bar,  a vertically  oriented  range-only  bar,  or  an  intersected 
range-and-croas-range  bar.  Three  conditions  of  navigational  uncertainty 
1/A,  1/2,  and  1 nautical  mile  (.46,  .92,  and  l.H  KM)  CKPa,  were  also 
tested.  The  results  showed  a significant  improvement  in  target  recognition 
performance  from  42  percent  with  no  predesignation  to  62  percent  for  all  pre- 
designation  conditions  combined.  Mean  recognition  range  went  from  4704 
f :et  to  6876  feet  (1434  to  2096  meters).  Predenignation  in  cross-range  or 
azimuth  was  more  effective  than  that  in  range  only.  Smaller  size  navigat- 
ional errors  also  tended  to  increase  recognition  ranges. 


Figure  5-26.  Cumulative  Percent  Correct  Recognition  as  a Function 
of  Ground  Range  at  190  and  792  Knots  for  Verbal  Countdown  and 
No-Countdcwn  Conditions 


Another  search  aid  technique  that  has  been  investigated  is  that  of 
"freezing"  the  on-board  display  for  several  seconds.  The  reeult*  show  that 
thia  technique  can  also  improve  target  acquisition  ir.  certain  applications. 
Display  freeze  is  discussed  in  more  detail  In  Section  4.2.11. 

Automatic  target  designation  as  an  aid  to  visual  search  was  investi- 
gated by  Harlove  and  Dowden  (1967)  using  a terrain  tabla  with  3 Tv'  sensor. 
The  observer  task  was  detection  and  recognition  of  tactical  type  targets  in 
search  along  « trail,  road,  or  river,  A standard  SSS-iine  TV  was  "flown" 
over  a 1:1000  scale  terrain  table  at  an  aitituds  of  690  feet  {210  meters) 
and  at  a varying  speed  depending  upon  desired  daarch  tifi>e  per  target.  Tho 
conditions  simulated  were  those  of  low  altituds  low  speed  flight  uain&  a 
fixed  look-down  sensor  angle.  The  oeneoy  look-ringle  uae  9o  degrees  with  e 
fixed  field  of  view  giving  600  (forward)  by  846  (side)  fetst  (153  x 258  m.) 
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viewing  area.  Three  types  of  pre-designation  were  used;  (a)  the  targets 
were  circled  with  a visible  whitu  paper  ring  plnced  on  the  model,  (b)  were 
highlighted  with  small  spotlights,  and  (c)  the  backgrounds  were  masked  and 
the  target  thus  stood  out.  Adequate  controls  for  practice,  learning  and 
observer  performance  were  established.  The  numbers  of  both  targets  (30) 
and  non-targets  (i.c,,  45  similar  sized  objects  not  tactical  or  military 
in  nature)  were  the  same  on  all  runs  and  all  conditions. 

Target  contrasts,  as  measured,  ranged  from  5 to  70  percent.  However, 

23  of  the  thirty  targets  were  in  the  25  to  65  percent  range.  Search  time 
was  an  experimental  factor;  fly-over  speed  was  varied  to  give  1,  2,  3,  6,  or 
12  seconds  average  viewing  time  per  target.  Results  indicated  no  perform- 
ance difference  between  the  type  of  aid  usedj  although  observers  stated  a 
preference  for  the  circle.  Use  of  any  aid  provided  a significant  improve- 
ment of  search  efficiency  especially  at  the  "fast"  1,  2,  or  3 second  times. 
Overall  detection  and  recognition  times  improved  10  to  15  percent  by  using 
the  aids.  Figure  5-27  shows  these  results  for  target  recognition. 


SUM  SEARCH  AID 
f“~j  WilHOtn  AIDS 


AVERAGE  VIEWING  list  P£P.  TASGE1  (SECONDS) 


SOURCE:  XARKMC  AND  00W0EM  (1967) 


Figure  5-27.  The  Effects  on  Target  Recognition 
Proficiency  of  Varying  Scone  Tima  and  of 
Display  Aids  Using  Television  Simulation 
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Other  techniques  chat  use  on-board  aids  to  visual  search  have  been 
noted  in  the  classified  literature,  however,  no  controlled  experiments 
evaluating  roeults  is  reported.  The  usual  technique  uses  sensors  to  de- 
tect specific  types  of  radiation.  The  observer  is  then  cued  as  to  where  fo 
conduct  oearch  for  the  target. 

Outside  (the  observer's  aircraft)  aids  to  visual  search  ure  well 
known.  Here  the  target  or  target  area  is  located  by  some  other  observer 
and  in  marked  to  make  Che  visual  oearch  an  easier  pr&ec.ss.  The  most  typi- 
cal and  best  known  of  these  methods  is  smoke.  Target  marking  by  smoke  io 
so  well  known  and  so  well  accepted  that  no  experimental  evaluations  are 
reported  in  the  recent  target  acquisition  literature.  (During  World  War  II 
field  tests  of  smoke-types  and  uses  of  smoke  in  target  marking  were  conducted, 
see  Hiddleton,  1952). 

Another  often  used  technique  is  that  of  verbal  description,  a sort  of 
on-the-spot  briefing.  As  noted  in  the  recent  target  acquisition  symposium 
("Pilots  Panel",  in  Jones,  1972b)  this  technique  is  a very  poor  way  to 
rapidly  acquire  targets,  even  though  it  is  often  used. 

The  development  and  tactical  use  of  laser  designators  (to  mark  targets) 
and  laser  spot  receivers  (to  locate  them),  promises  to  bring  a new  dimension 
to  air-to-ground  visual  search.  The  target  can  be  acquired  by  on-ground  or 
low-level  observers  and  illuminated  with  coherent  laser  light.  The  aircraft 
observer  with  a laser  spot-seeker  of  some  typo  can  now  be  cued  to  look  at 
the  exact  location.  Controlled  experimental  evaluation  of  laser  designation 
techniques  as  an  aid  to  target  acquisition  have  not  yet  been  reported  in  the 
open  literature. 

5. 4. A Optical  Aids 

Aiding  v.'.oual  search  by  optical  devices  is  as  old  as  the  first 
telescope  (anc  as  new  as  the  most  recent  laser  syctcmo).  The  most  used 
optical  aid  is  hand  held;  binoculars  or  a telescope.  Uolng  binoculars  to 
search  will,  because  of  the  narrow  FOV,  reduce  the  overall  probability  of 
detecting  a target.  Thus,  magnifying  optical  aids  are  primarily  used  for 
recognition  or  identification.  The  target  is  first  acquired  by  direct  visual 
search  and  then  verified  with  the  magnifying  optics.  Actual  use  of  binocu- 
lars does  not  appear  to  be  as  effective  a search  aid  as  cuppooed,  however, 
the  evidence  io  anecdotal  (pec  "Pilots  Panel",  in  Jones,  1972b,  for  example). 
Aircraft  motion  makes  it  hard  to  stabilize  hand  held  optica.  When  « stabi- 
lized optics  system  is  used  the  result  for  the  observer  ia  often  vertigo. 

The  stable,  even  visual  scene  he  perceivea  is  at  variance  with  the  aircraft’s 
perceived  vibration  and  motion.  Most  observers  in-  aircraft  are  not  able  to 
use  stabilized  optica  for  more  than  a very  short  time  without  experiencing 
some  nausea. 


Cheevcr  and  Horley  (1973)  conducted  a well-controlled  field  experiment 
.vc  cf  determining  target  identification  capabilities  by 
observers  using  a stabilized  optica  system  in  a UH-l  helicopter.  Defection 
was  not  on  experimental  variable,  Che  single  target  per  trial  was  well-cued 
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with  a fluorescent  orange  panel.  The  observer’#  task  was  recognition  (gen- 
eral class  of  target)  and  identification  (opecific  model  or  type).  The 
stabilized  optica  system  provided  1.5,  5,  10  or  20  power  magnification; 
clear,  red,  amber,  and  green  optical  filters  were  available.  The  aircraft 
operated  at  95  knots  (176  Ku/Hr)  airspeed  and  at  2000  feet  (610  meters) 
altitude.  The  flight  course  Btarted  at  8 Km  from  the  target  and  closed 
from  there.  The  observers  used  the  20X  magnification  over  3/4  of  the  time 
and  the  10X  for  all  but  one  of  the  remaining  trials.  The  results  indicated 
that  even  with  this  stabilized  optic  system  neither  troops  nor  vehicles 
could  be  accurately  identified  (i.e.,  a probability  greater  than  .90)  at 
ranges  exceeding  one  kilometer.  Figure  5-28  shows  the  cumulative  probability 
of  identification  using  stabilized  optics. 


Figure  5-28.  Approximate  Cumulative  Probability  of  a Correct-By- 
Nation  Vehicle  Identification  vorBUS  Slant  Range  end  Time 


Another  "optical  aid"  eoma  tinea  used  is  sunglasses.  In  theory  the 
glasses  should  reduce  some  glare  end  help  to  see  through  haze.  Actually, 
this  does  not  seen  to  be  the  case. 

Heckart,  et  ai  (1971)  Investigated  the  affects  of  wearing  yellow 
sunglasses  (Bausch  and  Loab  Kalichrome  C)  to  improve  the  observer o’  optical 
environment.  They  found  no  difference  in  target  acquisition  performance  in 
a field  test  between  wearing  sun  glasses  and  not.  The  subjects  observed 
from  the  nosa  position  of  a B-50  flying  at  180  knots  (334  Km/Hr)  speed  and 
fit  3,500  feet  (1067  meters)  altitude.  Mean  percent  of  target  oir.es  detected 
was  69 'percent  for  those  with  glasses  and  the  earn*  for  those  without. 

5. 5 Summary  ; 


5.5.1  Dacian 

This  review  of  the  literature  on  air-to-ground  target  search  hao  many 
ramifications  for  the  designer  of  target  acquisition  oyetems  and/or  aide. 


5-53 


In  the  case  of  aircraft  designed  for  or  being  used  for  direct  vlBual  target 
acquisition,  most  of  the  design  recommendations  have  to  do  with  providing 
sufficient  forward  vioibility  for  detecting  and  recognizing  ground  targeto 
cut  through  the  windscreen  without  impedimenta  ouch  as  engine  nacelles, 
fuselage  sections,  wings,  antennae,  etc.  Another  obvious  reconsaendation  is 
to  prevent,  if  possible,  glint  or  reflections  off  the  windscreen  into  the 
eye  of  the  observer  at  various  sun  angle  combinations.  The  observer  should 
be  so  placed  in  the  cockpit  that  he  has  maximum  ground  area  available  for 
searching  with  minimum  masking.  If  the  aircraft  is  to  be  flora  at  high 
speed  and  at  low  altitude,  he  should  have  maximum  target  availability  from 
directly  ahead  to  almost  directly  below  the  aircraft  to  facilitate  eyeball 
tracking  (following)  of  the  target  in  order  to  remove  or  minimize  the  high 
rates  of  angular  movement  of  these  types  of  mission  conditions. 

In  aircraft  having  particularly  high  vibration  such  as  in  helicopters 
means  should  be  found  to  reduce  the  degrading  effect  of  this  vibration  on 
target  acquisition.  One  method  of  doing  this  is  by  designing  seats  with 
built-in  shock  or  vibration-decreasing  mounts.  These  mounts  should  either 
reduce  the  vibration  to  noneffective  emplitudea  or  transduce  the  vibratory 
spectrum  so  that  eyeball  sympathetic  or  forced  vibration  is  criminated  or 
reduced.  Vibration  factors  are  particularly  important  when  visual  aids  such 
as  binoculars  are  used  in  searching  for  ground  targets.  Stabilized  optics 
are  one  method  of  combating  the  vibration  and  aircraft  movement  effects 
which  tend  to  make  search  and  visual  tracking  difficult  if  not  impossible 
under  turbulent  or  aircraft  maneuvering  conditions. 

In  the  design  of  electro-optical  systems  to  be  used  In  search  for 
ground  targets,  the  design  parameters -are  considerably  more  numerous. 

Scene  stabilization  and  gimbal  order  hcve-been  shown  to  have  considerable 
impact  on  the  effectiveness  of  the  cockpit  observer.  The  gimbal  system 
should  provide  scene  stabilization  for  both  searching  for  and  for  tracking 
of  possible  targets.  The  field  of  viewa  of  the  sensor  must  be  selected 
so  as  to  provide  a compromise  between  maximum  ground  being  covered  and  the 
magnification  of  the  scene  for  sufficient  detail  so  that  the  observer 
can  determine  whether  a possible  target  exists  in  the  terrain  being  imaged. 

The  display  located  in  the  cockpit  should  have  sufficient  quality,  reso- 
lution, brightness,  OTF,  nizo,  and  viewing  distance  so  so  to  maximize  scene 
search  by  the  observer,  (This  topic  is  covered  in  more  detail  in  Chapter  4, 
Displays), 

5.5.2  Operations 

The  literature  has  also  emphasized  the  importance  of  training  and 
briefing  in  air-to-ground  target  acquisition  performance  efficiency.  Air- 
borne observers  should  be  taught  scanning  and  search  skills  necessary  for 
maximum  ground  coverage  utilizing  peripheral  vision  for  rapid  scanning  and 
the  ability  to  quickly  reject  nontarget  clutter.  Although  this  is  being 
being  dons  at  the  present  time,  the  equipment  is  available  for  uca  in  training 
that  has  been  used  in  research  on  search  behavior. 


Several  studies  have  indicated  that  adequate  brief  ins  1*  very  important 
in  detecting  targets  where  scene  search  is  required.  Every  effort  should 
be  made  to  improve  the  briefing  methods  presently  being  used  by  tho  opera- 
tional forces  such  as  photographs,  maps,  etc.  Allied  to  adequate  briefing 
is  the  use.  of  "cueing"  devices  such  as  radar,  navigational  equipment,  etc. 

The  use  of  these  equipments  considerably  improves  the  efficiency  of  search 
behavior  by  reducing  the  area  to  be  searched.  Mission  planning  should 
carefully  consider  the  type  of  terrain  to  be  searched,  the  type  of  targets 
to  be  located  and  intelligence  infonaation  when  assigning  type  of  aircraft, 
number  of  aircraft,  altitude  and  speed  to  be  flown.  Multiple  aircraft 
should  be  used  to  search  for  difficult  targets  to  increase  detection  proba- 
bility, particularly  if  the  targets  are  high  value;  a single  aircraft  should 
uoe  multiple  observers  to  achieve  Ihe  same  effect.  Search  patterns  should 
also  be  devised  to  take  into  consideration  the  difficulty  of  detection, 
using  tighter  patterns  over  leas  territory  when  terget/terrain  conditions 
make  for  difficult  detection,  widening  the  patterns  whan  searching  for 
"targets  of  opportunity",  etc. 

Another  important  factor  is  the  selection  of  flight  personas!  who  hsva 
the  basic  visual  (physiological)  equipment  such  aa  visual  acuity,  eovonior.t 
threshold,  end  perceptual  skills  to  make  good  airborne  observers.  Although 
* good  parr  of  search  skill  efficiency  is  learned,  the  basic  capability 
should  exist  prior  to  training.  Standardized  teats  could  ba  davleed  to 
both  select  and  train  observers  to  scan  rapidly  and  process  visual  information 
rapidly. 


CHAPTER  SIX 


/ 


•t* 


PREDICTION  AND  EVALUATION  OP  TARGET  ACQUISITION 
ft.  1 Introduction 


Thiii  chapter  discus***  the  evaluation  and  prediction  of  operational 
target  acquisition,  the  techniques  that  have  been  used,  the  effectiveness 
of  those  techniques,  and,  as  a rneult,  how  operational  target  acquisition 
performance  can  b*  predicted  and  evaluated. 

Mathematical  models,  simulators,  end  field  tests  will  be  discussed  in 
that  order.  While  this  order  of  presentation  is  somewhat  arbitrary,  it  does 
reflect  the  classical  scientific  approach]  Develop  hypotheses  (models) 
based  upon  experimental  and  other  evidence;  test  the  models  in  controlled 
conditions  (simulators)  end  verify  the  parformance  in  real  world  cc. ditiona 
(field  testa);  and  finally,  use  the  result#  of  these  teocs  to  further  modify 
find  update  the  models. 

Th*  review  of  prediction  and  evaluation  techniques  will  show  that  the 
reported  rosulcs  are  inconsistent  among  various  raothods.  The  reasons  for 
this  are  sa  complex  aa  the  problems  of  target  acquisition.  At  this  time  it 
is  imprfxtical  to  measure  .*»r  predict,  and/or  control,  all  variables  involved 
in  target  acquisition.  Thus,  tho  practical  evaluation  process  relies  on  a 
aeries  of  controls  end  simplifying  assumptions.  In  many  of  tha  evaluation 
and  prediction,  techniques,  these  controls  or  assumptions  arc  often  not 
specified  in  detail.  Tho  types  of  simplifying  conditions  and  ossuaiptions 
ue«d  also  Caper?  d upon  tho  evaluation  or  prediction  method.  Mathematical 
tnodale,  for  example,  scat  often  ignore  cognitive  and  motivational  factors. 
While  field  teats  with  observer#  will  obviously  include  these  same  factors 
in  Bora  degree,  the  prtsiuaption  io  often  made  that  all  observers  are  the 
«eta*.  Rarely  are  these  aao uaptions  or  simplifying  conditions  spelled  out. 
They  usually  must  be  inferred  from  the  conditions  of  the  test  or  contents 
of  tho  model.  But  each  evaluation  and  prediction  technique  that  has  been 
used  Ua#  certain  advantage*  ond  limitations,  due  In  large  part  to  the 
inherent  assumptions  of  the  methodology  involved. 

6.1.1  Evaluation  Mathodc 

The  three  techniques  that  heva  boon  used  to  assess  and  predict  target 
acquisition  procedures  and  ny3?.eci3  crei 
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1.  Mathematical  Module 


5 
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2.  Simulators 

3.  Field  Test* 

The  major  reason  Cor  uuing  thus*  techniques  is  to  be  able  to  predict 
operational  performance.  Mathematical  models  are  usually  considered 
primarily  as  prediction  methods,  while  field  testa  and  simulator 
evaluations  are  considered  as  test  methods.  Yet  all  three  are  useful 
for  both  evaluation  and  prediction.  By  varying  the  mathematical  model 
parameters,  the  concepts  can  bs  "tested."  Field  and  simulator  tests  arc 
most  often  used  to  evaluate  target  acquisition  systems  or  techniques.  The 
results  of  these  tests,  howevsr,  con  be  used  to  predict  the  effectiveness 
of  that  technique  or  oystaw  in  other  operations.  The  results  of  the  te3to 
also  con  be  used  ae  inputs  to  modala  or  as  partial  validation  of  the 
models. 

Figure  1-2  is  repeated  here  as  6-1  for  emphasis  and  further  reference. 
The  figure  shows  those  aliments  that  the  review  of  the  research  has  shown 
to  be  important. 

6 . 2 Mathematical  Models 

In  this  section  the  orophaoi*  in  upon  mathematical  models  of  the  total 
target  acquisition  process.  Certain  important  submodel  developments, 
such  as  acmonphnric  affects,  are  noted  in  earlier  chapters.  System  models 
consider  the  problem  from  target  to  observer  fia  a combination  of  events 
from  target  conditions  through  the  atmosphere  to  the  observer,  or  to  a 
sensor/display  uyutem,  and  then  to  the  observer. 

6.2.1  Model  Approaches, 

Moeuling  of  a complex  problem  ouch  as  air-to-ground  target  acquisi- 
tion may  take  one  of  two  different  approaches. 

* 

The  first  depends  upon  basic  research,  and  i a interested  in  finding 
the  preciao  rolationshipn  between  the  key  variables.  The  research  la 
quantitative  and  trios  to  understand  how,  why.  and  how  much  each  variable 
affects  performance.  This  basic  approach  is  usually  long-term  and  is 
often  stimulus,  rather  lhan  response,  oriented.  The  basic  research 
approach  is  analytic-conati'uctiva  (Bliss,  1966).  The  problem  is  broken 
down  into  key  cleasnte,  tha  separate  affects  of  these  elements  arc 
analyzed,  and  the  individual  parts  di's  combined  in  scse  logical  fashion 
into  a predictive  modal,  Hie  traditional  approach  to  target  acquisition 
models  h89  boon,  firet,  CO  model  the  search  and  detection  process.  The 
model  builder  then  includes  the  necasoary  size  requirements,  usually  or 
a3  a minimum  viuuai  anglu  subtended  at  the  eyeball  or  as  a resolution 
term  for  eloctro-opticAl,  (E-Q)  ayntems.  Characteristics  of  the  target 
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shape  and  of  the  related  background  arc  considered,  either  as  confusing 
objects,  background  clutter,  or  ns  a signal-to-noiBe  ratio  for  models 
of  E-Q  systems.  The  effects  of  geometry,  relative  speed,  altitude,  and 
atmosphere  ore  used  as  given  values  from  other  models,  handled  os  inputs, 
or  Ignored.  Human  performance  problems  are  most  often  not  considered. 

The  model  builders  naturally  tend  to  concentrate  on  quantitative  vari- 
ables for  which  numerical  values  arc  well  established. 

The  second  approach  is  operationally  oriented.  The  modeler  predicts 
performance  in  a specific  real-world  situation  often  based  upon  field 
test  data.  The  values  of  variables  are  limited  'to  the  actual  values 
measured  in  an  operational  environment.  The  response  aa  well  aB  the 
stimulus  Is  an  important  consideration.  The  operational  model  is  usually - 
less  precise  and  may  not  be  as  mathematically  elegant.  For  many  target 
acquisition  problems,  however,  the  operationally-based  model  may  prove 
to  have  more  general  predictive  power. 

Most  of  the  best  known  target  acquisition  models  use  tho  analytic- 
constructive  approach.  These  models  are  based  upon  what  is  known  about 
human  vision,  the  effects  of  the  atmosphere,  the  transmission  of  light 
(or  other  electromagnetic  energy),  and  .‘he  geometry  of  aircra£t-to-targot 
search  area.  The  models  are,  as  a result,  often  difficult  to  use  in  the 
operational  situations,  tend  to  emphasize  only  target  detection,  require 
extensive  mathematical  processing  (meaning  computers),  and  most  often 
are  not  well  validated.  (See,  for  example,  Greening,  1973.)  However,  pre- 
viously the  analytic-constructive  approach  was  almost  the  only  practical  one. 
Sufficient  field  teat  data  and  a better  understanding  of  the  human  factors 
elements  in  the  target  acquisition  process  are  more  recent  developments. 

As  a result,  many  of  the  later  modeling  efforts  include  both  basic  and 
applied  information. 

6,2.2  Model  Classea 


The  generalized  air-to-ground  target  acquisition  models  arc  some- 
times alBO  divided  into  two  classes  depending  upon  the  type  of  "sensor" 
involved. 


a,  Direct  vision  modelo.  In  these  modelo  the  observer 
Is  airborne  and  is  presumed  to  be  searching  only 
with  his  eyeball. 

b.  Electro-optical  models.  In  these  models  the 

nhofifutfr  nroiuma/t  Ka  ,.Mn  tr  a rat'  Kndo 
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ray  tube  (CRT)  display  while  a oensor  scans 
the  target  area.  • 

In  practice  this  class  distinction  is  not  a clearly  defined  difference. 
Several  of  the  better  known  direct  vision  models  have  terma  that  can  be 
added  to  allow  consideration  of  E-0  sensors  and  indeed,  the  MARSAM  II 


and  (IRC  models  were  originally  designed  for  E-0  sensors  (Schaefer,  1968 
and  Stathacopoulous,  1967),  In  turn,  the  E-0  models  often  include  terras 
and  conccptB  from  direct  vision  modal  formulationa.  An  excellent  de- 
tailed analysis  of  direct  vision  models  is  reported  by  Greening  (1973), 

A summary  and  analysis  of  tho  principal  E-0  models  have  been  reported 
by  Mendez  and  Freitag  (1972)1. 

6,2,3  Early  Model  Development  Influences 

The  history  of  target  acquisition  modeling  parallels  that  of  target 
acquisition  research.  During  and  before  World  War  II  the  problems  of 
finding  targets  from  the  air  became  obvious}  alonj  with  the  operational 
need  came  a requirement  to  predict  target  acquisition  capabilities.  The 
problems  of  acquiring  "targets"  at  long  ranges  had  been  subject  to  re- 
search well  prior  to  1940,  as  wall  as  to  analysis  and  even  modeling  of 
the  atmosphere  (sea  Middleton,  1964).  A concerted  effort,  however,  was 
madia  during  the  war  on  the  problems  of  assessing  and  predicting  targot 
acquisition. 


A systematic  attempt  to  model  the  alr-to-surface  visual  search  pro- 
cess was  conducted  by  the  U.S.  Navy  during  World  War  II.  An  Operations 
Effectiveness  Group  (OEG)  team  developed  an  air-to-aea  search  rcodol  which 
forms  the  basis  of  many  of  the  present  model#  (Koopraan.  1946),  The  OEG 
modeling  effort  was  a vary  broad  one,  including  surface  and  airborne 
observers,  radar  and  sonar  sensors,  in  addition  to  air-to-surface  visual 
performance.  The  model  of  visual  search  was  preporod  by  E,S,  Lamar,' 
Lamar'a  work  on  visual  dotoction  models  is  available  in  the  tfRC  publica- 
tions, "Visual  Search"  (Morris  and  Home,  1969). 


6,2.3,i  "Visual  Lobe"  Concopt 


Lamar's  approach  to  the  air/eefi.  and  detection  problem  was  to  use 
relevant  psychophysical  laboratory  data.  From  these  data  on  human  per- 
formance, Lnmar  developed  the  concopt  of  a "detection  lobe,"  eimilar  to 
a radar  concept  which  had  just  corns  into  use.  "Visual  lobe"  is  a snatho- 
matical  construction  which  simplifies  calculation.  For  some  probability, 


'Hie  discussion  of  the  material  regarding  target  acquisition 
modeling  is  essentially  from  Greening  (1973).  Particular 
credit  is  given  to  the  excellent  target  acquisition  model 
evaluation  by  Dr.  Charles  P.  Greening,.  The  materials  ore 
used  with  the  permiasion  of  the  author  end  the  Naval  Weapon* 

<***  4 - - *.« 
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outstanding  effort,  th«  authoro  have  chosen  to  use  Greening's 
material  directly.  In  the  interests  of  reading  clarity  and 
ease,  detailed  indications  of  quotations  have  bees  eliminated. 
Any  errors  of  editing  or  interpretation  must,  of  courts*,  bo 
the  responsibility  of  the  authors. 
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uouaily  .50,  there  will  be  a certain  probability  of  an  off-visual  axle 
angle  which  bound*  the  shell  of  the  "visual  lobe."  Inside  the  lobe,  the 
target  is  assumed  to  be  detected  and  not  outside  it.  lamar'a  visual 
detection  lobe  equations  doi'lnod  tha  value  of  targot/background  contrast 
which  would  be  barely  diocamible,  us  a function  of  target  size  and  of 
visual  angle  off-uxl*.  Hi*  defining  equations  converted  to  an  opera- 
tionally useful  form  are: 

for  0 <0.8® 


for  0 '0.8* 


where  8 is  angular  subtense  of  the  target  (min) 

0 Is  angle  off  tha  visual  axis  (deg) 

CT  Is  apparent  contrast  In  percent. 

Lamar  then  daveloped  probability  of  target  detection  for  linear  and 
area  search,  aa  a function  of  target  angle  subtenoa  at  tha  eye,  contrast, 
and  search  area.  Tha  expressions  were  based  on  assumptions  of  random 
search,  which  is  appropriata  for  alr-to-sea  situations  where  the  visual 
field  is  essentially  unstructured, 

6. 2. 3. 2 Atmospheric  Effects 


and 


CT  - 1.55  + 


15.2 


ft 


CT  - 1.75  i1'2  ♦ JSi. 


Also  during  World  War  II  tha  camouflage  section  of  the  National  De- 
fense Research  committee  did  nn  extensive  study  of  the  visibility  of 
distant  objects  through  the  atmosphere  (Duntiey,  1948),  During  tho  same 
period,  Blackwell  (1946)  was  conducting  the  detailed  studies  of  tho  con- 
trast thresholds  of  the  human  eye.  (See  paragraph  2,3,4,  Chapter  2), 

Based  upon  these  Blackwell  data  and  related  works,  a mathematical  dcccrip- 
tion  of  the  theoretical  threshold  of  viaibllity  was  developed.  The  resulto 
ware  presented  as  a series  of  nomographs  which  predicted  tho  lininat  vis- 
ibility of  a circular  shnped  target  seen  through  the  atmosphere  against 
a background  of  horizon  sky  (Duntiey,  1948),  a situation  not  usually  typi- 
cal of  tho  conditions  involved  in  air-to-ground  target  search, 

A nomograph  for  slant  range  looking  down  through  the  atmosphere, 
more  typical  of  air-to-ground  search,  was  also  daveloped,  A version  of 
thie  is  reproduced  here  a*  Figure  6-2  \£tosi  Middleton,  1952,  p«sft  129). 

The  nomograph  requires  knowledge  of  target  eir.e,  meteorological  range, 
eky-ground  ratio,  and  target-to-background  contrast.  Depending  on  tho 
alee  of  the  target,  the  threshold  slant  range  in  yards  can  be  determined. 

To  uae  the  nomograph  in  Figure  6-2,  piece  a straight  edge  to  connect 
tho  proper  eky-ground  ratio  with  tha  inherent  scene  contrast.  Hold  & 
pencil  at  the  point  whore  tha  straight  edge  intersects  the  right  hand  edge 
of  the  notnogrnia.  Rotate  the  otraight  edge  to  the  correct  point  on  the 
meteorological  range  eeala.  Tuan  loecte  where  the  desired  target  size 


£ 


line  inturuucts  lliu  straight  edge.  Read  down  (or  up)  to  the  slant  range 
value.  Note  that  thu  slant  range  obtained  is  the  expectod  maximum  detec- 
tion range  for  a round  target  under  ideal  conditions  with  u theoretical 
95  percent  probability  of  success.  This  or  the  Duntley  ulunt  range  liminul 
visibility  submodel  is  still  used  in  many  target  acquisition  modeling 
oflortH. 

VAllO  C * A 


SOURCE;  H100LCTCN.  1952 


Figuro  6-2.  Sighting  Rangu  of  Circular  Objects  on  the  Ground,  Seen 
From  the  Air  in  Pull  Daylight,  Baaed  on  tho  Tiffany  Data  for 
Circular  Targets,  at  a Probability  of  Detection  of  95  Percent 

6. 2. 3. 3 Target  sjg»  and  Contrast 

The  early  research  '-y  Blackwell  regarding  similar  target  oiso  and 
contrast  is  used  no  basic  data  in  most  detection  models.  A second  (source 
of  data  also  used  for  target  detection  models, io  the  series  of  otudivo 
performed  by  Taylor  and  others  at  the  University  of  California  Visibility 
Laboratory,  Simple  dioc  targets  were  used  varying  in  oizo  from  1 to  120 
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minutes  of  arc  and  in  contrast  and  luminance,  The  conditions  wore  modi- 
fied to  includu  casus  in  which  the  target  was  off  the  central  visual  fix- 
ation axis  by  known  amounts  (see  Figure  2-14).  Detection  thresholds  for 
objects  other  than  circles  have  been  investigated  experimentally  by  uover- 
al  workers,  including  Lamar,  and  by  Blackwell  and  associates.  The  use 
of  the  "circle"  data  has  seemed  relevant.  Generally  speaking,  detection 
is  not  affected  by  the  change  from  circle  to  rectangle,  at  least  until 
the  length/breadth  ratio  reaches  ten  (Davies,  1971). 

The  work  done  by  Koopman,  Umar,  Blackwell,  and  Taylor  primarily 
concerned  search  and  detection  in  a uniform  visual  field.  While  visual 
capability  Buch  as  shown  in  Figure  6-2  bounds  visuul  search,  it  is  not 
realistic  to  predict  target  acquisition  system  performance  entirely  this 
way.  Tims,  as  modeling  of  target  acquisition  developed,  the  models  have 
also  considered  target  6hapa,  masking,  clutter,  and  cueing,  and  a number 
of  other  variables. 

6.2. 3.4  Resolution  for  Recognition 

Simple  detection  of  an  object  in  the  visual  field  - the  model  devel- 
oped by  Lamar  - is  not  the  complete  target  acquisition  process.  Recogni- 
tion of  what  the  object  is  and,  under  certain  circumstances,  identifi- 
cation of  the  oxact  object  are  required.  The  criteria  for  recognition 
and  identification  adapted  and  used  by  most  analytical  models  have  been 
those  developed  by  Johnson  (1958)  (see  Chapter  4,  Table  4-1  and  Section 
4,2.1).  The  "Johnson  criteria"  require  four  resolution  elements  or  line 
pairs  for  recognition.  The  report  by  Brainard  (1965),  which  established 
3.2  line  pairs  for  recognition,  has  also  been  used  in  several  models, 

6. 2. 3. 5 Clutter 

In  tactical  operations  the  target  usually  is  one  object  among  many 
in  the  visual  field.  Target  acquisition  requires  searching  to  select 
the  target  out  from  the  non-targets.  The  reference  data  most  used  in 
the  models  are  those  of  Boynton  and  flush  (1955,1956,1957),  (See  Chapter  3, 

Section  3.2.8),  Those  studies  investigated  in  laboratory  oearch  experi- 
ments the  .oiationship  between  number  of  objects,  size,  contrast,  spacing, 
and  shape.  They  developed  a mathematical  description  of  their  data  ao 
follows t 

Log  - 2.34)  « 0.0857D  + 1.565  Log  (£  + 3.021)  - 1.52 

where 

CT  is  percent  contrast  of  target  to  background 

D is  distance  in  metera  to  the  searched  area 

N is  the  number  of  "confusing  objects"  in  the  background 


t is  the  search  time  in  seconds. 
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6.3  Target  Acquisition  Models 


The  major  events  In  vlpual  target  acquisition  model  development  are 
shown  in  Figures  6-3  and  6-4,  A detailed  review  of  the  mat  used  models 
to  include  data  processing  requirements  can  be  found  in  Greening  (13?3). 

Ab  is  evident  from  the  figures,  3oso«  models  are  only  concerned  with  target 
detection  while  others  include  the  recognition  and  acquisition  functions. 
Ail  but  three  of  th«  visual  models  are  analytic-constructive  and  baaed 
primarily  upon  laboratory  "search"  data*  Hoot  of  them  have  not  been  fully 
validated  in  an  actual  field  test. 
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Figu.ro  0-3.  Major  events  in  Targot  »etecticn  Model  Development 
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Figure  6-<i.  Major  Events  in  Target  Recognition  and 
Acquisition  Model  Development 

Certain  model  approaches  have  been  influential  because  of  their  unique 
approach,  new  concepts,  incorporation  of  original  ideas,  or  even  wide- 
spread use.  These  models  include  the  early  efforts  of  Koopman/Lamar, 
the  CRC  and  Eailey-Rand  concepts,  MARSAM  XI,  and  the  Franklin  and  Whitten- 
burg  modal.  The  rare  significant  und  important  models  are  reviewed  in 
ehie  section. 

Many  target  acquisition  models  are  in  use,  primarily  in  private 
organisations  and  thus  not  normally  available,  particularly  when  E-0 


I 


ft 

ft 


b 


sensory  are  used.  Models  that  are  disc',  .and  In  thin  section,  however, 
represent  the  moot  significant  in  terms  of  formulation,  approach,  or 
wide  use.  To  the  beut  of  our  knowledge,  no  other  models  are  available 
which  ore  more  appropriate  or  particularly  unique.  Greening  (1973)  in 
his  review  of  visual  acquisition  models  lists  20  different  models.  A 
review  of  all  models  practical  for  consideration  in  this  section  includ- 
ed those  20  as  well  as  17  more.  Of  the  37  modelo,  10  are  included  in 
this  section  because  they  ure  unique,  well  validated,  or  widely  used. 

6.3.1  The  CAI.  ky  1 1 Model 


This  model  was  developed  by  Kyll  at  Cornell  Aeronautical  Laboratory 
(CAL)  under  contract  to  the  U.S.  Army  (Ryll,  1962).  The  objective  was 
to  predict  observer  performance .from  low  3pced,  low  flying  Army  aircraft. 

Ryll  with  direction  from  the  project  director,  Arthur  Stein,  used 
a straight-forward  analytic-constructive  approach.  A detailed  scries  of 
flow  charts  was  developed.  These  charts  arc  excellent  examples  of  tho 
carefully  developed  analytic-constructive  approach.  Figure  6-5  is  a 
copy  of  Ryll's  basic  flow  chart  of  the  target  detection  probability 
process.  Figure  6-6  is  the  detailed  flow  chart  used  for  the  aerial 
observer  model.  As  is  evident  in  Figure  6-6,  much  emphasis  was  put  on 
the  problems  of  terrain  and  vegetation  masking,  largely  because  of  the 
contract  monitor's  interest  (A.  Stein,  personal  communication,  June  1.974). 


SOURCE;  RYU,  1952 

Figure  6-5.  Basic  Flow  chart  for  Ryll  Aerial  Observer  Model 
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MODEL  OF  AERIAL  OBSERVATION  PROCESS 


Figure  6-6.  Detail  Flow  Chart  of  Ryll  Model  of  Aerial  Observation  Process 


m 


Figure  6-6.  (Continued) 
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In  this  model,  tho  mil  pul  watt  an  "overall  probability  of  seeing  the 
target"  lor  any  target  poult. ion  lor  each  glimpse.  Tills  probability  is 
derived  I row  tho  produet  of  l’t)  (probability  target  is  unmasked),  I’c 
(probability  of  detecting  contrast),  and  I’n  (effect  of  trees  and  non-target 
objects).  The  output  In  a plot  of  Lite  search  area  with  a probability 
value  for  each  point  in  the  area.  The  "Comprehensive  Model"  was  never 
computer  programmed,  however  (A.  Stein,  Personal  Communication,  June 
1974).  Instead,  a "Simplified  Derived  Model"  was  completed.  This  model 
provided  slnglc-gl impiiu  detectability  of  a specific,  target  (5  foot  sphere, 
100  percent  contrast)  In  a npcelfic  terrain  (flat,  no  foliage)  with  bright 
illumination,  no  shadowa,  and  no  atmosphere.  A numSer  of  plots  of  detect- 
ability as  a function  of  altitude,  speed,  and  look-down  angle  are  presented. 
Figure  6-7  is  a copy  of  the  typical  output. 

The  value  of  the  llyll  model  is  in  the  systematic  consideration  of 
variables  as  shown  in  Figure  6-6.  These  concepts  have  reappeared  in  sub- 
sequent models  such  as  the  GRC  Model  A and  MARSAM  II,  and  the  "Confusing 
Objects"  Submodel  of  Crooning  (1973).  There  are  no  reported  field  teats 
of  tho  Ryll  model. 

6.3.2  GRC  Model  A 

The  General  Reccarch  Corporation  Model  A was  designed  for  a classi- 
fied R-0  system  and  includes  an  operator/display  element  for  a fixed 
frame  E~0  system  (Stnthncopoulos,  1967).  The  GRC  model  has  proved  to 
be  an  influential  source  of  ideas  for  target  acquisition  modeling.  The 
GRC  formulation  included  ldeaii  originally  developed  by  Bailey,  although 
tho  Bailey-Rand  model  (.Section  6.3.10)  v/as  formally  published  at  a later 
date  (Greening,  1973). 

The  model  partitions  tho  target  acquisition  process  into  a number  of 
functional  blocks  (u,g«,  search,  recognition,  confusing  objects  scrutiny) 
which  are  treated  as  though  statistically  independent.  For  each  block, 
relevant  experimental  data  aro  used  and  modeled  analytically.  Subsequent 
to  Its  publication,  Dig  GRC  Model  A approach  vsa  used,  with  only  minor 
changes,  for  major  pot  lions  of  the  MARSAM  II  Display  and  Observer  sub- 
models and  haa  also  provided  a part  of  other  model  formulations. 

The  model  structuro  is  shown  in  Figure  6-8.  The  probability  of  de- 
tecting and  recognising  a target  1st 


where 

Pi)R  ” 

P P P P 
17/3  4 

h 

is  probability  of  "seeing"  target  (a  search  submodel), 

bound  on  iUsekwell's  laboratory  data 

?2 

is  probability  of  recognition 

P, 

is  n multiple-object  confusion  probability 

P4 

in  n aignal-to-nolse,  degradation  ft.ctor 
(not  needed  in  the  direct  visual  case). 
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SOURCE:  GREENING,  1973 

Figure  6-8.  GRC  Model  A *■  Observer  Model  Structure 


Search  and  "Seeing"  Submodel 

P^  is  baaed  on  the  assumption  of  a fixed  amount  of  time  (the  frame 
time)  to  search  a fixed  field  (che  displayed  aensor  FOV)  under  a 
limited  range  of  luminance  levels,  representative  of  CRT  displays.  It 
is  assumed  that  the  target  is  randomly  placed  in  the  field  and  that  the 
observer's  visual  lobe  is  randomly  moved  across  the  field  from  glimpse 
to  glimpse.  Under  the  assumptions, 

P.  - 1 - (1  - r )" 

O 

where 

P„  is  the  single  glimpse  probability  of  detection 
8 

n io  the  number  of  glimpses  in  one  frame  time. 


The  single  glimpoe  probability  is  determined  from: 


V "PD 

Ky 


where  P^  is  evaluated  acros/>  the  display  area  from  three  equations: 


P U 
*0 


1/2  - 1/2  j l~exp 
0 


» 2 


1/2 


for  CRK).5 
for  Cr<0.5 


b- 20 


with  C„,  the  cent  ran  t ratio,  equal  to  C/'C_ 


C lit  apparent  target/background  contrast 

C^,  in  threnhold  contrast. 

This  expreanion  in  a representation  of  Blackwell’s  data  (1946).  Threshold 
contrast  cn  the  visual  axis  is  given  by: 


logjQ  C - 1.033 

log10B  + 0.142 


- 1.849  (log.-B  >-0.142) 


where  B is  angle  subtended  by  the  target  at  the  eye  (min)  and  threshold 
contrast  off-axis  by: 

cT  - cT  U )—] 

off  i>n  L B 0,4  J 

where 

0 is  angle  off-axis  in  degrees 

B in  target  subtense  in  minutes  of  arc. 

This  expression  in  fitted  to  data  obtained  by  Taylor  (1961), 

No  luminance  term  is  included  because,  for  an  F,-0  system,  display 
luminance  was  expected  to  remain  near  10  foot  lamberts. 

The  factor,  P. , which  is  computed  in  the  manner  described  above,  is 
not  called  a probability  of  detection  although  it  is  obviously  rolatod 
to  detection,  no  it  la  defined  by  other  workers.  In  fact,  much  of  the 
methodology  was  adapted  for  the  MAR5AM  II  Detection  submodel, 

Recognition  Submodel 


The  basic  expression  for  recognition  in 
[l  - exp  ) - ( V - 3.2 


for  N - 3.2 


for  N < 3,2 


where  N » number  of  resolution  elements  across  tnc  target  image.  Tho 
expression  for  P£  is  based  upon  data  obtained  by  Brainard  (1965).  These 
data  were  selected  for  the  submodel  because  Brainard  used  an  electro- 
optical  system  in  his  experiment.  This  is  not  a relevant  argument  for 
using  the  expression  in  direct  visual  models,  but  it  is  used,  substitut- 
ing visual,  resolution  for  E-0  sensor  resolution. 
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Confusing  ObjectH  Submodel 


The  effect  of  confusing  objects  In  the  field  of  view  is  accounted  for 
by  computing: 


where 

H is  the  number  of  confusing  objects  in  the  field 

T is  the  frame  time. 

ThiB  formulation  was  developed  by  Ryll,  Cornell  Aeronautical  Lab, 
based  on  data  collected  by  Boynton,  et  al. (1958). 

Noise  Submodel 


The  basic  expression  is 


P 


4 


whore 


1 . 0 -IS/N-11 
0 


S/N  > 1 
S/N  < 1 


S/N  is  the  ratio  of  input  signal  to  display  noise. 

The  GRC  model's  segmented  structure  was  unique  when  it  first  appeared. 
The  first  three  terms  in  the  model  were  developed  based  upon  laboratory  data. 

An  early  comparison  with  data  collected  by  Qntman  (1965)  showed  that 
the  model  prediction  conformed  to  the  TV  observer  data  within  the  limits  of 
experimental  error  for  vehicle  targets.  Another  comparison  with  data 
obtained  from  thermal  imagery  .of  personnel  targets  in  Southeast  Asia  was 
also  good. 

In  both  validation  Btudies,  the  majority  of  the  crucial  parameters 
are  largely  equipment-specific,  which  reduces  the  general  applicability  of 
the  findings, 

6.3.3  MARSAM  tl 


The  Multiple  Airborne  Reconnaissance  Sensor  As*****-**  Model  (MARSAM) 
wan  developed  for  tha  U.S.  Air  Force  during  • -».»*.*«  Ve.mlr., 

and  iteitzmann,  et  al«,  1968),  MARSAM  II  is  n w-.*  ,ai  auaui  ami  io- 
ectibed  in  terms  of  separata  subsections.  TV-  -s^nunted  formula.,  1 was 
derived  from  tho  CRC  model,  MARSAM  II  is  rei>  as  probably  Uiu  'St 


not  reproducible 


used  current  model  (Greening,  1973)  The  model  develops  probability  of 
detection  (P^)  and  probability  of  recognition  (P^)  os  single  numerical 
values  for  a single  encounter  of  one  observer.  1'igure  6-9  shows  the 
Visual  Observer  Model,  The  submodels  are  combined  to  produce  P,  nnd  P 
ao  follows: 


P.  ‘ P,nc  • P*j  - P*M  * P*„ 
d LOS  do  dl  d3 


and 


P - P.  . P * 
r d r 


where 


Pj  ■ probability  of  detection. 

PLOS  “ probability  of  the  existence  of  a line-of-oisht  to  the  target. 
P*<jb  ■ a probability  of  fixating  and  dwelling  upon  a target  element. 

P<dl  * 3 Probabllity  of  detectability. 

P*^  » a probability  of  confusioxt  between  target  end  non-target 

objects. 

P*r  * probability  of  recognizing  a detected  target. 

Pf  n conditional  probability  of  detection  and  recognition. 


In  the  model  Pj  and  arc  numerical  values  for  a single  encounter. 

The  search  submodel  does  not  reference  any  data  or  theory.  The 
authors  state  it  to  be  principally  an  hypothesis  (Schaefer,  et  al,,  Pert  II, 
page  H-5) . The  physical  area  of  search  is  described  as  the  area  around 
the  nominal  line-of-sight  reduced  by  the  minimum  look  down  angle  of  the 
aircraft  and  the  maximum  meteorological  range  or  terrain  masking.  This  is 
further  reduced  by  those  areas  in  which  targets  are  not  likely  (for  example, 
a lake);  it  includes  only  the  total  area  of  all  target  elements,  (thus 
assuming  that  all  areas  do  not  have  to  bo  searched).  Finally,  the  prob- 
ability or  a line-of-eight  to  ground  is  averaged  for  three  defined  ranges 
usually  near,  medium  and  far.  Search  time  is  a function  of  aircraft  speed 
through  the  search  area  and  the  size  of ’the  assumed  aircraft  to  target 
offset.  Search  time  and  effective  visual  fixations  (glimpses)  ere  com- 
bined in  a complex  derived  function  that  includes  tarjet  size,  contrast, 
target  number,  number  of  confusing  objects  and  a five  degree  cone  of  vis.ua! 
fixation  per  search  area  (Figure  6-10), 


The  MAR!) AM  It  descriptive  literature  calls  their  target  detection 
submodel  a "Target-Element  Sian  and  Contrast  Submodel, " but  the  output 
is  a probability  that  the  target  element  is  detectable.  The  Detection 
Submodel  is  patterned  after  GUC  Model  A,  which  in  turn  is  based  upon 
Blackwell's  laboratory  data.  The  Blackwell  data  are  adjusted  by  shift- 
ing the  threshold  contrast  axis  by  0.75  log  units,  to  account  for  de- 
graded performance  in  non-laboratory  situations.  This  degradation  was 
selected  on  the  basis  of  a discussion  by  Davies  (1965)  of  the  U.K. 

Royal  Aircraft  Establishment  (RAE). 

The  confusing  objects  submodel  is  derived  from  that  of  Boynton 
(1958).  Ryll  (1962),  Section  6.3.1,  developed  an  algebraic  expression 
for  the  Boynton  data,  which  is  used  in  MARSAM  II.  The  number  (density) 
of  confusing  objects  in  the  target  area  is  given  as  an  input  to  the 
model. 

Target  recognition,  for  both  the  visual  and  E-0  models,  is  based 
on  the  formulation  used  in  the  GRC  model.  Both  models  use  Brainard's 
data  of  3.2  resolution  lines  through  the  target  for  average  recognition. 

The  validity  of  MARSAM  II  model  has  not  been  reported  as  having 
been  evalua'-d  in  field  teats.  The  detection,  recognition  and  confusing 
object  dels  are,  as  noted,  based  upon  laboratory  data.  The  search 

suhmu.ii- 1 ire  hypothesis  and  the  assumed  relationships  between  sub- 

models ?).  proven. 

6,3.4  ' 

ptnent  of  a visual  target  lcquisition  model  wa3  one  objective 
of  the  .?  (Joint  TTtP  Force  ’>  test  program.  W.  H.  Bradford  (1966), 
prepare)-  \e  first  . ubljsdwwl  description  of  VISTRAC. 

n.(  optical  ita peril  tut  >i  the  eye  during  search  were  drawn  primarily 
from  oamar.  Bradl-rd  postulated  that  the  distribution  of  acquisition 
time  was  continuous  Ho  »*«n  defined  a quantity  called  "rate  of  target 
acquisition,"  and  it  an  a continuous  function  of  time,  one  which 

has  a derivat ivo  at  ail  times,  again  following  Lamar.  This  treatment 
of  the  search  process  leads  to  a cumulative  probability  function. 

The  ccntinually  varying  angle  between  line-»of -sight  and  lino-to- 
target  is  < spared  end  used  to  evaluate  instantaneous  rata  of  acquisition. 

The  three  constants  in  Che  Bradford  model  were  selected  to  match 
data  from  a s:  *10  target  in  the  Booing  motion  picture  simulator  study, 
done  under  Mi  l sponsorship  (Bradford,  1966),  Validation  studies  have 
used  the  2 field  test  data  (JTF-2,  Test  3.1,  Annex  C).  The  usual 
concept  irgot  acquisition  as  fletection,  recognition  ».nd  identifi- 
cation w.i  not  used  in  the  model.  The  rote  of  acquisition  probabilities 
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is  for  pre-brief cd  target.ii.  There  is  no  resolution  term  in  the  model. 
The  probability  of  acquisition  is  presumed  to  include  detection,  recog- 
nition and  identification  of  a target. 


The  basic  expression  for  target  acquinition  probability  is: 


l’A(cum)  » 1 - exp 


j-kj^m  <cT-b)m  dtj 


where 


P^(curn)  » cumulative  probability  of  flequioition 

(i.e.,  detection,  recognition  and  identification) 


t , t ■ integration  limits  - time  unmaBked  t , to 

J time  masked,  t , (limited  by  aircraft  structure) 

m ' 

CT  ■ contrast  ratio  or  apparent  contrast/threshold 

contrast 


k 


b 


m 


« a constant,  related  to  task  loading.  Empirically 
evaluated  from  the  JTF-2  data  at  0.009  to  0.018 
depending  on  aircraft  and  task, 

“ a constant  - the  minimum  CR,  below  which  no 

acquiaition  occurs.  Empirically  determined  ~ about 
0.62. 


■ a constant  - empirically  determined  - about  1.9. 


The  structure  for  the  ViSTRAC  Model  S io  shown  in  Figure  6-11, 

V1STRAC  models  a straight,  level  flight  over  or  past  a target  at  a 
known  location.  The  probability  of  acquisition  is  cumulative  from 
maximum  range  to  a minimum,  based  upon  a visual  lobe  which  is  assumed 
to  scan  in  a preset,  continuous  (i.e.,  non-glimpse)  fashion.  Acquisition 
at  any  time  is  determined  by  the  distance  to  the  target,  the  scan  pattern, 
and  the  apparent  size  and  contrast  of  the  target. 

The  maximum  range  Fwax  of  the  integration  limits  in  the  model  io  set  by 
the  unmasking  of  the  target.  This  can  be  a predetermined  range  (an  input)  or 
a computed  mask  angle  which  can  be  compared  with  the  instantaneous  look  down 
angle.  Integration  can  also  begin  when  atmoopheric  and  inherent  contrast 
yteida  a contrast  ratio  greater  than  a net  minimum  below  which  no  acquisition 
occurs.  Minimum  range  K,0£n,  tho  end  of  integration,  is  an  input  determined 
by  aircraft  structure.  The  visual  seen  pattern  also  depends  on  aircraft 
structure,  aircraft  speed  and  aircraft  Beat  (front  or  rear)  in  a tactical 
aircraft. 
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Figure  6-11.  VISTRAC  - Observer  Model  Structure 

The  contrast  ratio  term  is  based  upon  Lamar's  concepts.  The  analytic 
expression  for  visual  contrast  threshold  is  derived  from  laboratory  data 
as  cited  by  Lamar.  Apparent  contrast  depends  upon  the  inherent  contrast 
between  targeL  and  background  ns  modified  by  effects  of  the  intervening 
atmosphere.  Contrast  threshold  ns  defined  earlier  (paragraph  6, 2. 3.1)  is: 

C - 1.55  + for  0 < 0.3° 

3 1 

and  \ 

CT  ^ - 1.75  0 1/2+  -iil—  for  0 >0.8" 

3 

The  VISTRAC  model  is  based  upon  Lamar's  treatment  of  detection, 
and  represents  contrast  threshold:)  of  a uniform  target  against  a uniform 
background.  The  results  are  presented  as  a curve  of  probability  as  a 
function  of  contrast  ratio.  At  this  point,  Bradford's  treatment  departs 
£i‘oa  Lamar!s.  Bradford  presumes  an  exponential  form  for  probability  vs. 
contrast  ratio  and  assumes  that  the  value  of  this  expression,  at  any 
contrast  ratio,  i r,  also  a function  of  time.  He  then  integrates  the  ex- 
ponential over  time,  for  predetermined  values  of  0 and  3 leaving  the  con-, 
stants,  M and  k,  to  be  evaluated  empirically. 

The  evidence  of  validity  in  Bradford's  development  of  the  search 
term  depends  upon  the  appropriate  choice  of  date  upon  which  it  is  based. 


Hero  the  difference  between  Lamar 'o  and  pi.nl  lord' a objective!}  becomes 
crucial,  Lamar  (and  tltc  UK(«)  were  worklra  on  tiie  problem  of  alr-to-nca 
Hearch  on  ait  unstructured  background.  I'c-t  -tlon  of  a single,  contrast- 
ing area  in  a formless  smirch  area  in  t>»e  objective.  Bradford,  however, 
was  modeling  search  for  targets  on  the  ? round  \ ith  numbers  oi  easily 
detectable  objects.  Hare  target  acquisition  includes  recognition  and 
identification  and  Involves  resolution  of  some  elements  of  the  target 
shape  or  pattern,  TIiuh,  the  Lamar  approach  to  search  is  net  necessarily 
appropriate  in  this  situation. 

The  V1STRAC  model  wan  developed  in  conjunction  with  JTF-2  field 
testa.  Tlie  three  constants  in  the  expression  have  been  evaluated,  at 
least  In  part,  from  field  date.  Will  lit  the  model  approach  is  analytic, 
the  use  of  field  data  ns  constants  and  tsed  liters  is  an  empirical  touch. 

The  quantity  "b",  which  represents  A contrast  ratio  below  which 
acquisition  probability  is  zero,  lies  h»tw«en  0.43  and  0.65  determined 
on  the  basis  of  the  laboratory  data.  Th%  exponent  'V  in  the  region 
1.5  to  2.0  was  determined  from  the  laltoratory  data.  Selection  of  values 
for  "b"  and  "m"  and  evaluation  of  "k",  the  multiplier,  were  done  by  refer- 
ence to  data  from  the  fluid  or  from  motion  picture  simulation  in  JTF-2 
films.  Values  of  b <*  .62,  m " 1.9  and  k • ,0158  were  chosen  to  optimize 
the  fit  to  simulator  data  on  a single  target.  The  value  of  "k"  (which 
is  called  a "task  loading  factor")  was  sxsllfied  in  field  trials  (e.g., 
k » .018  for  the  RF-4C  aircraft  and  .(K>?  ior  A-4B  aircraft).  Validation 
data  have  also  been  reported  but  no  quantitative  estimate  of  the  relation- 
ships is  included  (personal  ccmmunicr.t  leu,  J.A,  Keller,  Falcon  Research, 
March  1974).  Figures  G- 12  and  6-13  are  two  examples  of  field  test  data 
compared  with  mode),  predictions}  the  iltst  shows  a poor  fit,  Che  second 
a "good"  prediction.  In  general,  th<*  quality  of  the  JTF-2  physical  data 
(see  Section  6.4,  following),  Bradford  taels,  has  limited  the  utility  or 
these  comparisons  (JTF-2,  Teat  4.1,  Ahevs  C).  because  this  model  contains 
some  empirical  field  data,  it  is  unfortunate  chat  it  has  not  been  further 
evaluated. 


6.3.5  Autonetics  Model 


The  present  "Autonoticc  Model"  wss  originally  developed  in  1959 
(Greening,  1973).  It  linn  been  improved  and  updated  in  later  versions, 
based  primarily  on  visual  simulator  As  later  derived,  the  medal 

assumes  that  the  probability  of  a singhi  glimpse  at  a target  is  expo- 
nentially related  to  the  resolution  of  tNe  sonsas  K&ye)  and  the  required 
resolution  to  decoct  tlio  target  «hu«i 

and 
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Figure  6-13.  Probability  of  Acquioition-VISTRAC  Model  vo 
Field  Testa  (West  Course) 


where 


I’gy  1h  single  glimpoc  probability 

PCUM  ls  cumu^ati^ve  probability  after  i independent, 
conuecutivc  glimpses 

PL  is  probability  of  looking  at  (fixating)  the  target, 
(an  input). 

r ia  the  resolution  capability  of  the  -eneor  (eye) 

6 

r ia  the  resolution  required  to  detect  or  recognize 

the  target. 

Figure  6-14  shows  the  general  structure  of  the  Autonetica  Model. 


Figure  6-14.  Autonetica  Model  - Observer  Model  Structure 


The  search  submodel,  PL  is  used  aa  a given  factor.  Ita  derivation 
dependo  upon  the  tactical  situation  (Greening  and  Wyman,  1970)  rather 
than  the  "viauai-lobe"  approach.  It  is  assumed  that  the  observer  U search- 
ing the  real  world  for  known  targets  on  which  he  has  beon  briefed.  His 
search  technique  reflects  this  situation  end  thus  the  probability  of  look- 
ing at  the  tutget  is  derived  aa  n function  of  the  number  of  objects  similar 
to  the  target  in  the  search  area,  Thus: 


whora  N is  the  number  of  target-like  objects  in  the  area  to  be  searched. 
The  resolution  cub-model  is  aa  follows: 


2K 


K » 1 for  rs/ro  > 1 

K ® 2 for  if r.  < 1 
a o — 
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where 


1’  is  probability  of  resolving  the  target 
r lu  linear  resolution  capability  of  the  censor  (eye) 
vq  is  required  linear  resolution  for  detcction/recognltlon 
The  rcaolution  capability  of  the  eye  is  niodeied  in  two  otepa*. 


(C  - CT)1/2 


[1  + (log1r.  B + 3)2)1/2  - 0. 


where 


a is  linear  resolution  of  the  eye  at  1.0  contrast,  in  minutes 
C is  apparent  target  to  background  contrast 
CT  is  threshold  contrast 

B is  average  acGne  luminance  in  foot  Lamberts, 

Required  resolution  is  determined  from  the  geometry  of  the  situation 
and  the  detection/recognicion  level  required,  thus: 

A 1/2 

ro  — it — 

no 

where 

At  ia  area  subtense  ot  the  target 

nQ  is  the  number  of  resolution  elements  across  the 
narrow  target  dimension,  required  for  detection 
or  recognition. 

The  probability  of  detection/rccognitior.  is  determined  from  the 
simple  expression: 

p m p p 

rG  Lr 

where 

is  probability  of  "lookin'®  at"  the  target  determined 
from  search  submodel, 

Pr  is  probability  of  resolving  target  determined  from 
the  recolution  submodel. 


,*-*  “*  *V*V*  £ t * 

1 jr,  T iq  fc*,  **/  f 


Tlii!  value  of  P cun  represent  a probability  of  detection  or  recogni- 
tion or  Identification,  depending  upon  the  value  of  n used.  Typically, 
nQ  " 2 ih  used  for  detection,  and  nQ  **  8 for  recognition. 

The  cumulative  probability  of  detection  and  recognition  ia  developed 
by  computing  a P_  for  each  fixation  interval  from  initial  visibility  ranga 
to  the  desired  minimum  range.  P^  generally  increases  because  both  con- 
trast and  target  area  increase  as  range-to-target  decreases.  The  cumula- 
tive probability  is  then  computed  fromt 


where 


PCUM  “ 1 " " (1  " PG.) 

i 1 


P 

CUM 


is  cumulative  probability  from  the  first  to  the 
present  glimpse. 

is  the  value  of  P^,  at  the  i1"*1  glimpse. 


One  major  validation  study  using  a motion  picture  simulation  has 
been  conducted  (Greening  and  Wyman,  1970).  The  results  showed  some 
agreement  with  the  simulation  data,  a product-moment  correlation  of  + .53, 
significant  at  the  0.001  level  of  confidence  was  obtained  between  theoreti- 
cal (model)  and  empirical  (simulator)  recognition  ranges.  Figurea  6-15 
and  6-16  show  examples  of  good  end  poor  predictions  from  this  motion 
picture  simulator  validation  study. 


i ; 


PCUH 


TARGET:  S7CRAGE  TANKS 
SOURCE:  GREENING  AND  WYMAN,  1970 


Figure  6-15.  Cumulative  Recognition  Probability  as  & Function  of 
Ranga  for  Experimental  and  Theoretical  Data 
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PCUH 


TARGET:  HIGHWAY  OVERPASS 
SOURCE:  GREENING  AND  WYMAN,  1970 


Figu-c  6-16.  cumulative  Recognition  Probability  as  a Function  of 
Range  for  Experimental  and  Theoretical  Data 

6.3.6  British  Models 

The  British  Royal  Aircraft  Establishment  (RAE)  has  sponsored  several 
programs  of  target  acquisition  modeling.  Early  work  was  conducted  by  Heop 
(1962a,  1963b,  1966,  Heap  and  Foley,  1961).  Currently  these  early  modelo 
are  not  used,  since  they  were  found  to  be  optimistic  (Creening,  1973). 
Recent  British  modeling  has  been  under  leadership  of  E.B.  Davies,  who 
reported  that  there  is  no  set  RAE  model,  rather  each  specific  situation 
was  modeled  as  required  (Greening,  1973).  In  general,  the  British  models 
are  based  upon  the  visual  lobe  concept  and  usa  the  analytic-constructive 
approach. 

Recent  RAE  modeling  is  typified  by  the  work  reported  by  Overington 
(1972).  The  RAE  models  have  refined  the  single  glimpse  and  visual  lobe 
concepts  to  account  for: 

1_  Near  visual  threshold  targets  which  do  not  necessarily 
lead  to  a cumulative  detection  probability  of  1.0 
(Davies,  1965). 

2.  Elimination  of  "was ting"  detection  lobe  areas  which  are 
outside  the  desired  search  area  (Davies,  1968). 

,3  Realistic  approximations  of  the  visual  lobe  shape  as  it 
intersects  with  the  ground  (Smith,  1968). 
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4 Modification  of  models  to  fit  field  data  (Davies  and 
Smith,  1969). 

_5  Use  of  target  objects  differing  from  the  typical  model 
of  circle  or  square  (Davies,  1971).  • 

A recent  sophisticated  model  was  reported-by  Overington  (1972)  at 
a HATO/ACARD  symposium  on  air-to-ground  target  acquisition.  It  considers 
the  physical  properties  of  the  eye  as  part  of  the  total  target  detection 
process.  This  part  of  the  model  fita  the  Blackwell  laboratory  data  for 
viuual  search  rather  well.  The  complete  model  also  includes  a constant 
to  account  for  observer  motivation,  although  precise  definition  or  de- 
scription of  the  term  is  not  included. 

A second  British  group  involved  in  target  ''couisition  modeling  is  at 
the  Defense  Operational  Analysis  Establishment,  led  by  G.P.  Owen.  The 
most  recent  and  up-to-date  model,  ic  VISTARAQ,  described  by  Chinn  oa  a 
"second  generation"  development.  The  model  report  ia  classified  and  thus 
not  available  for  this  publication;  however,  Greening  (1973)  has  summarized 
the  general  format.  It,  too,  uses  the  analytic  approach: 

The  basic  Glngle-glirapae  probability  function  ia  derived  on  the 
assumption  that  the  "stimulus  value"  of  a target  is  given  by: 

s M log  C/CQ  . log  B/BQ  . log  n/n0  - K^. 
o 


where: 


C is  target/background  contrast 

B is  scene  luminance 

n Is  number  of  affected  visual  retinal  receptors,  related 
to  target  apparent  site 

C , B . and  n„  are  threshold  values 

O O 0 

o,  &j.  are  constants. 

Recognition  in  VISTARAQ  is  handled  by  computing  detection  performance 
for  the  "critical  feature"  of  the  target  object. 

The  "number  of  receptors,"  n,  is  determined  by  netting  up  a rectangle 
of  area  equal  to  the  target  and  projecting  its  image  onto  the  retina. 
Corrections  are  roads  for  decreasing  density  of  recepto*«  in  the  non- 
fovaal  area  for  large  targets  and  for  the  spread  of  Gmail  imagen  (lens 
than  5 arc  minutes)  due  to  optical  limitations  of  the  eye. 

The  VISTARAQ  model  also  Incorporates  a search  area  factor 
(F  ■ {(a/Ar'2  - a/4A]2  with  a ® visual  lobe  solid  angle  end  A « scorch 
rone  solid  angle)  and  a probability  of  line-of-csight  factor  (PI).  The 
resulting  cumulative  probability  ia: 


I‘N  - 1 - (1  - K . I' I . P )M 

when  P , the  single  glimpHu  probability,  Ik  given  by 
ft 


where  N is  the  number  of  glimpses,  and  3 i a no  defined  above. 

VI8TARAQ  has  been  validated  against  laboratory  detection  experimental 
data  and  field  toot  resultc  (Crooning,  1973).  Extcnoion  to  operational 
situations  hau  not  been  reported. 

6.3,7  I’rankl in  and  Whittenburg  Model 

Under  U.S.  Army  Human  Engineering  Laboratory  aponoorship,  Franklin 
and  Whittcnburg  developed  a relatively  simple  operational  model.  The 
model  is  one  of  the  first  to  bo  based  on  empirical  field  data.  It  is 
designed  to  predict  visual  air-to-ground  target  acquisition  of  tactical 
targeta  under  daylight  conditions.  Army  air  observers  are  characterized 
under  relatively  slow,  iow  altitude  conditions.  "The  model  should  not  be 
used  to  predict  at  altitudes  below  100  feet  (30.5  meters)  and  above  500 
feet  (152  meters)  find  at  speeds  greater  than  150  miles  per  hour."  (Franklin 
and  Whittcnburg,  1965,  v.  69). 

The  model  is  characterized  by  (1)  reliance  on  field  data  in  pre- 
ference to  laboratory  data,  (2)  reduction  of  the  number  of  variables 
as  far  ns  possible  without  undue  restriction  in  generality  or  accuracy, 
and  (3)  simple  format.  It  io  based  upon  an  extensive  literature  review. 
However,  tho  model  is  primarily  derived  from  data  from  an  earlier  field 
study  by  Whittenburg  (1959).  In  thin  study,  observers  were  flown  at 
low  altitude  (61  meters)  and  iow  speed  (100  mph)  past  a number  of  targets 
or  target  groups  with  nearcot  olant  range  between  74  and  310  meters. 

The  variables  selected  for  incorporation  in  the  model  are  (1)  targot 
also,  (2)  target  shape,  (3)  luminance  contrast,  (4)  clutter,  (5)  terrain, 
(6)  altitude,  (7)  rango  at  closest  approach,  and  (8)  speed  of  observer 
platform.  These  variables  were  combined  into  three  coropooito  variables: 

1,  Apparent  size,  combining  size  (in  square  milo),  altitude 
and  range 

2 Target  distinctiveneso,  combining  shape,  contrast  and 
color 

3,  Exposure  time,  combining  size,  terrain,  altitude,  and 
exposure  time. 

Two  of  the  composite  variables,  apparent  size  and  exposure  time,  arc 
confounded  to  some  extent,  Figure  6-17  shows  tho  goners!  model  structure. 
The  variables  ore  machemoticaily  defined  as  follows: 


SOURCE:  GRECHINS,  W73 

figure  6-17.  Franklin  and  Uhittenburg  Model  Structure 


where;  A la  target  area 
D is  slant  range 

,2  Target  distinctiveness,  C ■ £ (C^,  Cc,  C^) 

where:  is  related  to  luminance  contrast,  Cc  is 

related  to  color  contrast,  and  Cf  is  related 
to  fora  contrast.  Actually,  C woo  judged 
from  target  photos  and  took  a value  from  1 
(lowest)  to  12  (highest). 

_3  Exposure  time,  Te  » J t/5  for  T < 5 seconds} 

T “ 1 for  T i 5 seconds. 

T is  measured  time  from  first  availability  of  the  target 
(un-raasked;  within  145°  of  bean  of  the  aircraft}  oub- 
tendo  z 5 square  mils)  to  last  availability  (same 
criteria). 

Se  * f (S  C Te)  whore  Se  is  a quantity  called  ''effective 
target  size".  S,  C,  and  Te  are  defined  above, 
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"lrobabil ity  of  Detect  Ion/ Identification"  la  then  determined  from 
curvefitting,  to  bo  given  by: 

l'0/I  • 1 - exp  (-.0167  Sc) 

PD/j  is  a different  term  than  is  aoed  in  other  models.  While 
not  precisely  defined  by  Franklin  and  Whittcnburg  it 
is  most  nearly  equivalent  to  Bailey's  concept  of  P^, 
(probability  of  recognition),  the  conscious  decioion 
that  "there  is  the  target."  In  operational  terms  P_/. 
can  represent  a decision  by  the  observer  to  attack 
a target. 


The  Franklin  end  Whittenburg  model  ia  analytically  simple , involves 
few  variables,  and  is  based  upon  field  data.  It  omits  cuch  variables  as 
target/background  contrast,  scone  luminance,  and  meteorological  visi- 
bility. The  model  limits  applicability  to  conditions  in  which  sensitivity 
la  not  great;  e.g.,  moderate  contrast  targets  in  clear,  daylight  condi- 
tions. 


The  form  of  the  model  is  unique.  It  does  not  lend  itself  to  direct 
comparison  with  most  others.  It  is  a "fly-by"  rather  than  a forward 
looking  model.  It  provides  a single  probability  for  an  encounter,  not 
cumulative.  There  is  intermingling  of  dctectlort/recognition/identif ica- 
ation  in  the  output.  The  "Target  Distinctiveness1'  term  is  an  overall  judg- 
mental factor. 


This  model  has  not  received  the  attention  that  it  merits.  Tho 
Franklin  and  Whittenburg  model  has  been  used  in  the  extensive  and  uell 
documented  Stanford  Research  Institute  (SRI)  CRESS-SCREEN  model  of 
battlefield  reconnaissance  and  surveillance  (Laurence,  1972).  In  this 
SRI  model  more  extensive  analytic-constructive  expressions  for  tho  "appar- 
ent size"  and  "apparent  contrast"  terms  are  developed.  The  final  model 
terra  Pjj/j,  probability  of  detection/idantif ication,  is  the  identical 
Franklin  and  Whittenburg  formulation. 


Figure  6-18  presents  the  probability  of  target  detection/ identifica- 
tion as  a function  of  target  size  exposed  to  the  observer. 


The  modal  is  based  upon  field  data,  and  thus  in  port  derives  its 
validity  from  that  field  data.  It  should  ba  abjo  to  predict  similar 
field  data  with  relative  accuracy.  This  is  indeed  the  case.  Figure 
6-19  compares  the  obtained  probability  of  target  detectlon/ldentificetion 
on  a series  of  helicopter  scout  crau/oboervsr  target  detection  flight 
tests  with  that  predicted  by  the  Franklin  and  Whittenburg  model;  the 
results  agree  within  one  percent  '(U.S.A.  1IEL  TN  5-74,  1974). 


6-38 


6-39 


6.3.8  SR l-CRKSS/ SCREEN  Modal 


Thu  Stanford  Research  Institute  (SRL)  observer  model  was  part  of  a 
comprehensive  model  originally  .ailed  CRESS  (Combined  Reconnaissance, 
Surveillance  and  SICINT),  which  modeled  the  entire  information  collec- 
tion and  processing  system  in  the  Army.  A later  modification  of  the 
modeling  effort  has  been  called  SCREEN  (SRI  Counter-Surveillance  Re- 
conraiaoance  Effectiveness  Evaluation).  The  CRESS/SCREEN  Visual  Observer 
Model  is  based  upon  the  Franklin  and  Whittpnburg  model.  It  requires, 
as  Inputs,  information  about  the  targets  and  backgrounds,  search  geometry, 
and  environment,  and  generates  probabilities  of  detection,  recognition 
and  identification,  as  well  as  non-detections,  misrecognitions , etc. 
Becauae  of  the  way  in  which  the  visual  observer  model  is  embedded  in 
CRESS  and  SCREEN,  it  is  not  easy  to  isolate  the  inputo  and  outputs 
which  "belong  to"  the  oboerver  model  (Greening,  1973).  iiowe.ver,  the  SRI 
work  is  generally  well  documented,  so  the  model  is  accessible  to  the 
interested  reader  (Laur*ence,  1972). 

The  visual  model  structure  is  shown  in  Pigurc  6-20.  The  similarity 
to  the  Franklin  and  Whittenburg  is  obvious.  Apparent  contrast  (CA), 
effective  time  (T„)  and  apparent  sit  : (SA)  are  conceptually  aimilar  to 
the  Franklin  and  Whittenburg  formulationo  of  appaj-ent  size  (S),  target 
distinctiveness  (C),  and  exposure  time  (T^).  It  has  the  same  essential 
limitations  of  low  speed  and  altitude. 


Figure  6-20.  SRI  CRESS/SCREEN  Model  Structure 
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Apparent  Size.  Thu  apparent  Giro  of  the  target  ia  expressed  in 
terms  of  tim  angular  subtense!  of  a square  object  of  the  same  area  an  the 
target,  viewed  at  the  gcomulrlc  mean  of  farthest  and  closest  slant  range. 
The  expression  is: 

!» fr  *31 


where 


A is  target  area 


Rq  is  the  slant  range  at  the  moment  of  closest  approach, 
a function  of  altitude  and  lateral  offset 


R^  is  the  slant  range  at  first  visibility,  a function 
of  target  size,  meteorological  range  and  altitude, 
but  limited  by  the  assumption  of  visual  observation 
out  the  side  of  the  aircraft  limited  to  45  degrees 
fore  and  oft  of  Che  beam.  The  range  vs.  size  function 
is  a lookup  Coble,  based  on  National  Defense  Research 
Council  Nomographs,  for  an  assumed  illumination  level, 
sky/ground  ratio  (Duntloy,  1946).  The  resulting 
threshold  range  is  then  degraded  for  reduced  meteoro- 
logical vioihility. 


Apparent  Contrast.  The  "contrast"  terra  used  in  CRESS  is  somewhat 
different  from  most.  The  output,  CA,  is  obtained  from: 


CA 

V(cT  - ij*  - <KW 

where 

CT 

is  intrinsic  "contrast,1  Rjj/Rj 

rh 

is  highlight  reflectance,  R.  is  low-light  reflectance 
(For  camouflaged  targets,  4 CT  * 0.9  + 0.1  (R^/R^.) 

SR 

is  slant  range  at  nearest  approach 

VR 

is  meteorological  range,  nn  input. 

When  CRESS  was  adaptod  to  SCREEN,  the  intrinsic  contrast  term  was 
modified  to  permit  handling  o£  non-uniform  targets  against  non-uniform 
backgrounds.  Non-uniform  affects  on  the  computed  value  of  CT  are  included 
first,  by  averaging  luminances  of  eub-areao  to  get  an  average,  or  far- 
field,  contrast,  and  second,  by  deleting  sub-areas  which  have  belov-three- 
hold  contrast  with  the  background. 


The  averaging  is  accomplished  as  follows: 


where 


from 


R "l 

o ~ 

A 

H„  " 1 

B ~ 


4 

r. 

i “ 1 

4 

l 

i - 1 


Roi  Ai 


V’i 


with 


A,  P the  total  area  and  perimeter  of  the  object 

f*h 

is  the  area  of  i—  rejr.on 
P^  is  1/2  the  perimeter  of  the  i—  region 

til 

R0i*  RBi  are  obJect  an(*  background  reflectance  in  region 


is  highlight  and  low-light  reflectance  across  the 
j—  boundary  of  the  sub-region 

*.L 

the  perimeter  of  the  i”  region 


B,  is  the  length  of  the  j~  segment  of  the  boundary  of 
the  i—  region. 


R 


if  Bj 


is  between  object  and  background  and 


R 

I. 

1 if  Bj  is  within  the  object. 


The  deletion  of  sub-areas  which  blend  with  the  background  is 
accomplished  by  testing  each  object /background  region  contrast  against 
a threshold  value.  If  it  is  below  the  threshold,  then  the  area,  Ap  in 
that  region  is  deleted  from  the  value  of  A,  the  total  target  area,  in 
thu  apparent  size  computation. 


The  corresponding  terra  to  apparent  contrast  in  the  Franklin  and 
Whittenburg  model  is  a judgemental  "target  distinctiveness,"  C,  running 
from  1 (lowest)  to  12  (highest).  The  values  of  C_,  can  run  from  1 (for 
zero  contrast)  to  infinity  (for  zero-level  low-light),  can  take  any 
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value  from  1 (for  ■ 0)  to  0^,  (for  ■ «).  It  1«  not  apparent  that 

t'A  computed  in  this  way  will  bear  any  relationaliip  to  "C",  the  Franklin 

and  Whittenburg  "target  distinctiveness"  terra.  It  is  utted  interchange- 
ably witli  it  in  the  Probability  of  Dctection/Identif ication  Submodel  dis- 
cussed later,  however. 


Effective  Time,  The  quantity  T_,  called  "effective  time,"  is  not 
a time  measure  per  se,  but  a multiplier,  between  0 and  1 in  value,  re- 
flecting performance  degradation  where  time  is  "insufficient."  It  is 

PM  Sr  0/5  for  <5  seconds 

P.,  for  Trt  >5  seconds 

rl  U — 

where 

PM  is  maximum  probability  given  ample  time,  an  input  from 
judgment  of  experienced  observer!? 

Tq  is  total  exposure  time,  and  is  derived  from  airspeed, 
an  input,  and  the  distance  traveled  while  the  target 
is  in  view,  a function  of  lateral  of fact,  threshold 
range,  and  the  ±45*  field-of-vlaw  limits. 

Effective  Target  Size.  This  submodel  is  simply  a multiplicative 
merging  of  the"  three  quantities  derived  above: 


determined  from 


SE  ■ SA  • TE  • °A 

Aa  has  been  seen,  Is  in  railliradians  and  in  fixed  for  one  pass  by  a 
given  target;  1"  is  a multiplier  with  a value  of  Pm  (which  io  always 
< 1.0);  is  a contrast-related  quantity  with  values  between  1 (for 
no  contrast)  an  infinity.  This  quantity  is  similar  to  the  S„  used  by 
Franklin  and  Whittenburg,  except  that  is  differently  valued^ 


Probability  of  Detection/Identification.  The  CRESS  Visual  Sensor 
Model  provides  a single  probability  figure  aa  a function  of  Sg,  using: 


PD/1 


. -0.0167 

1 — e E 


This  form  is  identical  to  that  developed  by  Franklin  and  Whitteneurg. 
The  meaning  of  a "probability  of  detection/identification"  is  not  defined, 
but  is  similar  in  concept  to  "recognition." 


The  value  for  P_  is  used  as  part  of  the  total  CRESS/SCREE!!  model. 
This  model  of  a tactical  situation  involves  a large  number  (750)  of  target 
objects,  up  to  40  target  groups,  information  about  weather,  cloud  cover, 
camouflage  and  tactical  dispositions.  Based  upon  those  and  other  tacti- 
cal considerations  as  well  as  random  probabilities,  both  probabilities  of 
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recognizing  and  missing  targets  can  be  computed.  Shadow  effects  on  prob- 
ability of  target  detection  are  also  computed.  These  detailed  consider- 
ations are  beyond  die  scope  of  this  sourcebook;  however,  sec  Laurence  and 
Payne  (1971). 

Since  this  SRI  visual  target  acquisition  model  ia  based  upon  that 
of  Franklin  and  Whittenburg  it  should  have  much  the  same  validity  and 
predictive  power.  The  derivations  of  apparent  size  and  apparent  con- 
trast are  based  upon  the  more  usual  analytic-constructive  methods.  As 
noted  these  values  are  not  necessarily  equivalent  in  the  two  models 
although  they  Intuitively  appear  to  be  no.  Reports  of  field  tests  of  the 
SRI  visual  detection  models  are  not  available.  Thus,  while  the  approach 
seems  logical,  reports  of  validity  are  not  available. 

6.3.9  Boeing  Model  Concepts 

The  Boeing  model  was  developed  during  the  early  1960's  by  J.  D. 

Gilmour  and  P.  L.  Emerson.  The  general  formulations  were  published  in 
an  external  report  in  1965,  While  the  model  has  been  used  internally, 
further  documentation  has  not  been  published.  Some  additional  conceptual 
details  are  available  however  (Gilmour,  1972), 

The  conceptual  schema  underlying  the  Boeing  modeling  effort  is  that 
of  an  "expected  value,  decrementai,  dynamic  model,"  Expected  probability 
of  target  acquisition  is  computed  at  discrete  intervals  during  a pass 
over  the  target  area,  based  on  an  ideal  performance,  degraded  by  the  con- 
ditions which  depart  from  ideal.  Gilmour  liBta  four  major-sequential  ele- 
ments needed  to  successfully  predict  target  acquisition  performance! 

2 Geometric  Intervisibility  - Geometric  line-of-oight  and 
compatibility  between  available  f ield-of-view  and  the 
ground  area  containing  the  target, 

2 Visual  Target  Availability  - Providing  a minimum  visual 
presentation  of  the  target  element  to  the  observer, 

2 Real-Time  Search  - Succesoful  visual  sampling  of  the  target 
element  from  all  of  the  dynamic  scene  elements  present,  and 

2 Discrimination  and  Decision  - Requiring  detail  discrimination 
to  it  level  necessary  to  satisfy  the  observer's  pre-stored 
"target"  definition. 

These  requirements  are  cumulative  and  sequentially-dependent.  Certain 
groups  of  variables  will  determine  whether  each  particular  sequential 
requirement  is  met.  The  categories  of  variables  are  not  necessarily 
exclusive,  Gilmour  states,  since  some  variables  operate  on  different  re- 
quirements in  more  than  one  way.  Thus,  the  operational  performance 
criteria  of  the  acquisition  model  can  be  specified  in  terms  of  the  partic*> 
ular  group  of  contributing  parameters.  A general  schematic  of  the  re- 
sulting model  and  the  contributing  parameters  are  illustrated  in  Figure  6-21. 


The  exposure  end  detection  submodels  correspond  to  the  first  sequential 
requirements  listed,  while  the  latter  two  requirements  have  been  combined’ 
in  the  identification  submodel.  Each  submodel  addresses  n specific  ques- 
tion relative  to  the  sequential  requirements  for  successful  acquisition. 
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SOURCC:  Gllnour,  19?2 

Figure  6-21.  Structure  of  Boeing  Target  Acquisition  Model 


The  form  of  the  model  is  expressed  as 


PA  “ f (PE*  PD’  V 


where 


P^  is  probability  of  acquisition  of  a target 
Pjj  is  probability  of  exposure 
xs  probability  of  detection 
Pj  is  probability  of  identification 


Use  exposure  probability,  PE*  is  described  as  made  up  of  a prob- 
ability that  the  target  falls  within  the  search  area,  Pg»  and  a prob- 
i’lility  of  being  unmasked,  PQ  . Ps  includes  effects  of  navigation  errors, 
target  location  errors,  an>.  effective  search  swath  width. 


The  detection  probability,  l’^,  in  obtained  using  u single-glimpse 
detection  lobe  probability  and  a simplified  search  strategy,  accumulated 
over  the  selected  time  interval.  The  detection  lobe  equation  in  empiri- 
cal, based  upon  laboratory  and  visual  simulator  data  connecting  apparent 
contrast,  luminance  level,  and  the  angle  off  tho  visual  axis. 

The  identification  probability,  Pj,  taken  the  form  of  a decrement 
in  performance  compared  with  the  exposure  and  detectability  criteria. 
Thus,  range  at  identification  is  expressed  as 

RI  " RE,D  (1  ~ SR> 

where 

Rg  D is  the  range  at  which  the  target  is  exposed  and 
* detectable. 

SR  is  the  search  performance  ratio,  X where  X 

X + Y 

is  the  distance  from  first  availability  range, 
and  Y is  distance  from  identification  range  to 
minimum  available  range. 

The  value  of  SR  Is  considered  to  bo  predictable  from  measures  of  back- 
ground complexity,  target/background  context,  intelligence  data,  and 
search  task  dynamics.  The  method  of  measuring  and  combining  these 
factors  is  not  detailed  in  the  basic  report.  See  Zaitzcff  (1971)  for  an 
experimental  approach  using  analysis  of  films. 


The  concept  of  an  acquisition  probability  compounded  from  probabil- 
ities of  exposure,  detection  and  identification  is  not  unusual.  The  treat- 
ments of  masking  and  detection  are  also  similar  to  other  models.  However, 
identification  is  handled  differently  than  other  models.  In  most  analytic 
models  the  recognition  or  identification  of  a target  is  presumed  to  depend 
mainly  upon  the  ability  to  resolve  critical  details  and  probability  is 
modeled  primarily  as  a function  of  system  resolution.  The  importance  of 
resolution  is  not  denied  but  tho  model  approach  suggests  that  there  ie 
sufficient  commonality  among  targets  and  backgrounds  of  interest  to  permit 
the  use  of  "search  performance  ratio"  as  a broader  predictor  of  perform- 
ance. The  model  thus  assumes  that,  in  situations  of  interest,  the  range 
at  which  a target  is  likely  to  be  identified  depends  more  heavily  upon 
scene  complexity,  briefing  data  and  target  motion  than-  it  does  upon  visual 
resolution  limitations,  SR,  however,  becomes  hard  to  prod*  c u huSu  ubu.wib 
with  new  locations  or  situations  where  littlo  target  da'-.a  are  available. 
Thus,  the  model’s  utility  in  tactical  situations  is  dubious,  even  though 
it  may  be  a- useful  tool  for  some  equipment  evaluations. 


Formal  validation  of  the  Boeing  Model  has  not  been  reported  in  the 
open  literature. 
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6.J.10  Bailey-Rand  Model 

The  Bailey-Rand  Model  (i.e.,  Rand  Model)  determine*)  the  probability 
of  recognizing  a target  with  either  the  naked  eye  or  with  an  electro- 
optical  oenaor  (Bailey,  1970).  While  published  in  1970,  "it  waa  devel- 
oped during  the  raid-196C’s  and  was  used  internally  at  Rand  prior  to  its 
publication"  (Bailey,  1972).  Bailey’s  concepts  also  provided  the  banis 
for  the  GRC  model  which  in  turn  has  been  used  by  MARSAM  II  and  several 
other  less  well  known  models  (Greening,  1973).  The  modeling  approach 
uses  the  product  of  separate  independent  conditional  probabilities  as 
follows: 


PR  “ P1  * P2  * P3  ‘ n 

where 

PR  The  conditional  probability  of  "recognition,"  defined 
as  the  conscious  decision  that  "there  is  the  target," 

P^  The  conditional  probability  that  one  glimpse  falls  upon 
the  target. 

?2  The  conditional  probability  that,  if  viewed  for  one 
glimpse,  the  target  will  bo  detected. 

P3  The  probability  that,  if  detected,  the  target  will 
be  recognized  by  shape. 

n Is  the  degradation  arising  from  signal-to-noise  on  the 
electro-optical  display  that  is  viewed  by  an  observer. 

Figure  6-22  shows  the  general  model  structure.  The  values  of  condi- 
tional probabilities  are  determined  as  follows: 


An  aasuwption  of  random  search  of  the  target  area  is  made,  the  search 
term  is: 


where 


*•  1 - exp 


-700 

G 


t 


G is  s "congestion  factor,"  normally  near  10,  but  varying 
from  1 to  100.  It  can  be  viewed  as  the  number  of  "fix- 
ation centers"  in  a "glimpse  aperture," 


aT  is  area  of  target 
A8  is  area  to  be  searched 
t is  time  available  for  search. 


Derivation  of  the  ocarch  term  is  based  upon  an  assumption  that  the 
observor  fixates  fairly  systematically  with  foveal  vision.  The  number 
of  glimpses  that  are  available  in  a second  of  time  are  assumed  to  be  3, 


or  a fixation  time  of  .33  second  per  glimpse.  For  a specific  search  area 
A , the  probability  of  looking  at  a target  is  the  ratio  of  A0  to  the  area 
ot  each  glimpse  A , at  a rate  of  3 glimpses  per  second.  The  congestion 
terra  is  conceptually  equivalent  to  clutter.  The  target  area  scene  can 
have  any  number  of  objectn  which  way  have  visual  characteristics  similar 
to  the  target.  These  become  "natural"  fixation  points  for  the  eye  and 
will  degrade,  or  reduce  the  purely  systematic  *«>nrch  assumption.  The 
"clutter  factor"  or  scene  congestion  is  usually  found  to  be  some  value 
from  one  to  ten,  based  upon  the  estimates  of  experienced  observers. 
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Figure  6-22,  Bailey-Rand  Model  Structure 


The  detection  term  is  primarily  based  upon  the  Blackwell  and  Taylor 
data  for  vieual  contract  detection  in  a homogeneous  visual  field. 

P2  "i  + I } 1 “ «*P  1-4.2  ( 

2 2 / CT  I 

where 

C is  targot/bockground  contrast,  at  the  eye. 
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Is  threshold  contrast,  obtained  from: 
(log  10  CT  + 2)  (log  i0a  +o.5}  - 1 

a -target  subtense  in  minutes  of  arc. 


The  expressions  for  ?2  end  C_  are  algebraic  approximations  to  some  of 
Blackwell  and  Taylor’s  data  for  .3  seconds  visual  glimpse.  The  C_  value 
is  adjusted  by  a factor  of  about  5.5,  as  a "field  factor"  to  account  for 
the  transition  from  simple  laboratory  to  complex  field  situations. 

The  resolution  term  has  to  do  with  the  subjective  act  of  deciding 
what  a particular  image  form  represents  in  the  real  world  (Bailey,  1970). 
This  part  of  the  model  is  deliberately  conservative.  It  covers  the  case 
where  shape  provides  the  primary  criterion  for  recognition. 

1 - exp  [ - __jr  - l]2  N > 2 
> 2 ” r “ 

0 Nr  < 2 

is  the  number  of  "resolution  cells"  in  the 
minimum  dimension  of  the  target. 

Number  of  resolution  cells  is  based  upon  the  Johnson  criteria  con- 
cept (see  Section  4.2.1);  as  N varies,  so  does  P^;  thus  P3  - 0.9  when 
Nr  ■ 5.  Bailey  clearly  makes  the  point  that  Nr  is  based  upon  the  real 
target  values  developed  by  Johnson  and  others  and  not  typical  bar  chart 
resolution  targets. 


where 


For  the  direct  visual  caee  the  first  three  terms  are  useef.  When 
modeling  the  visual  acquisition  of  targets  using  an  E-0  display,  the 
effects  of  electrical  noise  must  be  included.  Here, 


n •* 


'l  - « -I*/*  " U 
0 


S/N  > 1 
S/N  < 1 


where  S/N  is  the  ratio  of  input  signal  to  display  noise.  The  quantity 
n is  an  overall  degradation  factor  arising  from  any  noise  in  the  dis- 
played image  that  is  viewed  by  the  observer.  Bailey  (1972)  noted  that 
this  E-0  term  might  not  be  ao  appropriate  as  a "perceived  signal-to-noise" 
or  any  other  type  of  visual  noise  term.  The  model  structure  allows  this 
change  with  ease. 


The  sequential,  probabilistic  structure  of  the  Bailey-Rand  model  is 
typical  of -recent  models  (Greening,  1973).  The  approach  makes  it  practi- 
cal to  replace  or  modify  submodels  to  fit  a specific  situation  or  sensor. 
For  example,  Mendez,  Freitag,  and  Hallenback  (1972)  used  a derivation 
of  the  Bailey  model  to  help  analyze  and  predict  FLIR  sensor  performance. 
The  offectG  of  various  elements’ in  the  acquisition  process  are  fairly  easy 
to  segregate,  and  the  model  is  amenable  to  hand  calculations. 
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The  Bailey  model  represents  a compromise  between  the  earl/  ceuen- 
tlully  analytic-constructive  modeling  efforts  of  Lamar  and  Kooptaan  and 
the  operational  data  methodology  approach  of  Franklin  and  Whittcnburg. 

The  Bailey  submodels  are  each  based  upon  both  aelected  laboratory  and 
field  data.  The  model  ia  essentially  conservative.  Extensive  valida- 
tion has  not  been  reported;  however,  two  sets  of  K-0  data  have  been 
evaluated  using  the  model.  Mendez  (1972)  reported  an  analysis  of  MAFLIR 
test  data.  While  the  exact  results  arc  classified,  in  general  the  model 
effectively  predicted  field  test  performance  of  this  E-0  system.  Jones 
has  recently  compared  the  results  of  several  terrain  model  simulator 
target  acquisition  experiments  using  television  (Fowler  and  Jones,  1972) 
with  predictions  of  the  same  data  based  upon  the  Bailey-Rand  model. 

While  the  model  tended  to  undcr-predict  the  mean  target  acquisition  ranges 
of  15  observers  using  a standard  525-line  black  and  white  TV,  the  model 
predicted  the  experimental  data  rather  well,  The  product-moment  correla- 
tion between  predicted  and  averaged  performance  was  40.78  which  is  signifi- 
cant at  the  .001  level  of  confidence  (D.U.  Jones,  personal  communication, 
1973). 


6,3.11  Consideration  of  Mathematical  Models 

How  good  are  the  mathematical  models?  The  answer  to  this  question 
comes  ir.  two  related  parts.  First,  is  the  model  valid;  does  it  really 
evaluate  the  target  acquisition  process?  Second,  is  the  m?del  practical; 
can  it  be  used  effectively  to  evaluate  target  acquisition;  and  ore  tne 
results  uccful  as  a design  tool,  or  ns  nn  operational  guide? 

The  specific  evidence  or  absence  of  validity  has  been  noted  for  each 
of  the  models.  Validation  of  such  complex  models  ns  those  for  target 
acquisition  io  very  difficult.  To  validate  a model,  predicted  perform- 
ance is  correlated  with  measured  performur.ee  over  the  range  of  concern. 

The  measured  performance  must  also  be  stable  and  reliable.  Unfortunately 
th(  results  of  target,  acquisition  field  tests  are  not  very  stable  or  reli- 
able. Human  performance  tends  to  be  variable  in  oven  well  controlled 
conditiono.  A reasonably  large  number  of  trials  are  required  to  establish 
firm  data  points  and  the  dispersion  about  those  values.  The  costs  of  field 
testing  make  extensive  flight  trials  nearly  prohibitive.  As  a result 
most  flight  test  data  arc  not  definitive.  Finally,  many  of  the  variables 
such  as  illumination,  atmosphere,  target  background,  clutter,  masking,  etc,, 
are  nearly  impoasible  to  measure  or  control  in  the  field.  Greening  (1973) 
notes  that  there  are  four  possible  ways  to  establish  target  acquisition 
model  validity; 

1,  Use  a full-scale  field  teat  with  a number  of  observers, 
several  aircraft,  realistic  ground  targets  placed  in 
realistic  settings,  and  a complex  of  instrumentation 
and  measuring  equipment.  The  results  can  then  be  used  to 
validate  (or  invalidate)  a model.  Examples  arc  V1STRAC 


H 

I 


4 
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(JTF-2),  Erickson  and  Cordon  (1970),  Franklin  and 
Whittenburg  (19G5). 

2.  Validate  In  controlled,  less  expensive  simulation. 

(This  approach  implies  a second  problem,  that  of 
establishing  the  validity  of  the  simulation.)  Ex- 
amples are  V1STRAC  (JTF-2),  Boeing  and  Autonetics 
models. 

3.  Construct  the  model  from  submodels  of  laboratory 
established  validity,  combined  in  ways  which  yield 
predictable  results.  Validity  is  thus  partly  estab- 
lished in  advance.  The  skill  and  insight  used  in 
selecting  submodels  are  important.  Valid  submodels 

for  all  relevant  parts  of  the  acquisition  process  are  not 
now  available.  The  Bailey-Rand  and  the  GRC  models  are 
examples. 

4.  Construct  a simple,  generalized  model  which  includes 
several  adjusting  constants,  and  evaluate  the  constants 
either  from  existing  field/simulator  data,  or  from  field 
trials  set  up  for  this  purpose,  i.e.,  the  Autonetics 
model. 

In  practice,  none  of  these  approaches  has  been  uoed  exculsiveiy.  A model- 
er should  attempt  to  construct  his  model  from  valid  submodels  where  he 
can,  should  seek  other  validation  data  wherever  they  can  be  found,  and 
should  adjust  the  model  when  possible.  The  basic  approaches  to  validation 
have  had  different  emphases  in  the  selected  models. 

Tire  MARSAM  II  model,  the  GRC/A  model  and  the  Bailey’s  model  are 
modular  models  constructed  from  simpler  elements.  The  submodels  were 
presumed  valid  because  each  was  based  upon  field  or  laboratory  data.  If 
the  submodels  can  be  presumed  to  be  a complete  set,  to  be  combined  pro- 
perly, and  to  bo  representative  of  the  stops  in  the  target  acquisition 
process,  the  total  model  would  be  valid.  For  soma  of  the  terms  of  sub- 
models this  is  true.  However,  there  is  difficulty  with  respect  to  search. 

A good,  clearcut  search  submodel,  based  upon  data,  was  not  to  be  found. 

So  GRC/A  MARSAM  II  and  Bailey  each  have  different,  unvalidatcd  search 
elements.  There  is  also  no  evidence  as  to  how  the  submodels  should  be 
combined.  Are  they  really  sequential  combined  probabilities,  or  additive, 
or  some  other  combination? 

The  Autonetics  and  VISTRAC  models  are  basically  simple  exponential 
representations  of  the  increasing  probability  of  acquiring  a target  as  an 
observer  flies  tovrard  it.  The  VISTRAC  model  is  based  on  the  Lamar  visual 
lobe  equations.  Three  constants  were  included,  to  match  either  field  or 
motion  picture  simulator  data.  Validation  using  the  JTF-2  data  was  tried; 
however,  the  highly  variable  field  results  do  not  allow  any  real  comparison. 
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(See  Figures  6-12  and  6-13  for  examples.)  The  Autonetica  model  lino  been 
validated  against  motion  picture  simulations  using  fairly  large  targets 
with  good  results  (Greening  and  Wyman,  1970). 

The  SRI  CRKSS/SCREEN  models  are  based  on  the  Franklin  and  Whitten- 
burg  model  which,  in  turn,  was  developed  by  fitting  an  analytic  expression 
to  field  data.  Thus,  the  Franklin  and  Whittcnburg  model  was  at  lea3t 
valid  for  the  range  of  teat  conditionn  which  were  used  to  establish  the 
values.  The  validity  of  CRESS/SCREEN  target  acquisition  con  be  aasuracd 
to  be  established  to  the  extent  that  it  conforms  to  the  Franklin  and 
Whittenburg  formulation  and  is  limited  to  Whittenburg’s  field  conditions. 
But  the  contrast  term  is  expressed  rather  differently  leaving  the  validity 
open  to  some  question,  even  for  the  rather  narrow  range  of  conditions 
covered  by  the  earlier  model.  In  general,  however,  none  of  the  models  iiao 
been  adequately  validated  in  a broad  range  of  conditions  and  using  several 
methods  of  validation. 

In  spite  of  the  diversity  of  target  acquisition  model  development, 
there  is  a strong  resemblance  among  the  models.  The  pattern  is  indicates 
in  Figures  6-3  and  6-4.  The  "detection  lobe"  approach  has  been  dominant. 
This  has  resulted  in  a great  deal  of  effort  being  devoted  to  the  defini- 
tion of  lioinal  performance  boundaries  for  detection  and  for  resolution 
of  detail.  The  off-axia  vision  is  typically  handled  i«  the  lobe  models 
by  assuming  a "cookie  cutter"  lobe.  One  full  scale  field  teBt  included 
detection  lobe  model  validation  with  poor  results  (Erickson  and  Gordon, 
1970). 


Host  of  the  models  have  ignored  the  observer’s  functions.  The 
Franklin  and  Whittenburg  approach  wan  initially  purely  fiold-data-descrip- 
tive.  No  reference  to  visual  performance  data  from  tha  laboratory  was 
made.  Insteed,  more  subjective  characteristics,  such  as  consplcuity, 
were  determined  by  the  judgement  of  expert  observers.  Theses  values  were 
then  combined  algebraically  to  fit  field  data.  The  Boeing  approach  re- 
sembles this  in  some  ways,  although  with  less  reliance  on  judged  quanti- 
ties. Recent  work  in  Great  Britain  has  also  included  e subjective  human 
factors  element,  as  well  as  continued  effort  on  refined  visual  lobe  de- 
scriptions. 

When  the  models’  contents  end  conuideration  of  variables  are  compared 
with  tha  number  of  factors’  affecting  target  acquisition  as  shown  in  Figure 
6-1 , it  is  obvious  that  rao/rt  models  have  considered  only  a few  target 
elements,  Che  geometry  involved  (it  in  easy  to  model)*  end  part  of  th# 
environmental  factors,  Loos  effort  has  been  expended  on  the  ability  to 
resolve  detail  in  target  images,  the  distribution  of  search  over  the 
field-of-view,  and  the  effects  of  non-target  objects,  and  noise  in  the 
display.  The  widely  different  search  submodels  and  the  lack  of  validation 
indicate  the  need  for  more  work  here. 


The  operators'  functioning  is  omitted  entirely  in  mo3t  or  all  of  the 
models.  The  influence  of  the  perceptual  set  and  associated  decision 
criteria  are  not  mentioned.  (What  constitutes  the  decision  to  say, 

"That  is  a target"?)  How  are  training,  experience,  stress,  fatigue,  and 
task  loading  considered? 

In  spite  of  doubtful  model  validity  the  results  are  useful  as  long 
as  the  user  recognizes  the  limitations  involved.  The  currently  available 
target  acquisition  models  do  indicate  trends  and  limiting  effects.  They 
can  be  used  to  establish  bounds  in  equipment  design  or  to  compare  possible 
system  approaches  for  helping  solve  the  target  acquisition  problem.  Oper- 
ationally the  models  can  also  be  used  to  sec  limits  and  conduct  parametric 
studies  of  performance. 

6,3.11.1  Summary 

Which  model  to  use?  That  depends  upon  the  purpose  for  which  it  is 
to  be  used,  the  conditions  which  are  of  concern  in  the  evaluation  and  the 
degrea  of  validity  acceptable.  The  user  may  even  desire  to  change  a 
model  or  try  to  develop  a new  one  to  better  meet  his  own  needs.  Any  de- 
cision to  use  a model  is  in  part  subjective.  However,  based  upon  the 
conditions  for  which  the  model  was  originally  designed  as  well  as  the 
types  of  validation  reported  it  is  possible  to  decide  which  model  best 
fits  those  conditions.  Table  6-1  thus  is  a suggested  use  for  nine  of  the 
models  reviewed. 

When  it  is  necessary  to  evaluate  system  performance  in  dotail,  or  to 
make  key  design  decisions,  then  seme  other  evaluation  means  is  needed  - 
usually  simulation  or  field  test. 

6.4  Visual  Simulators 

Obtaining  valid  performance  data  under  operational  conditions  is 
both  difficult  and  costly.  Thus,  simulation  plays  a vital  part  in  evalu- 
ating target  acquisition.  Simulation  is  defined  as  the  representation  of 
an  actual  physical  object,  process  or  situation,  or  of  a theoretical  con- 
etruct, 

^Computation  requirements  and  electronics  data  processing  (El?) 
capabilities  may  also  be  a concern.  The  factors  in  EDP  use 
arc  bey id  Luc  scope  of  this  sourcebook;  for  a discussion  of 
EDP  requirements  and  capabilities  see  Greening,  1973,  In  general 
the  Franklin  and  Whittenburg  and  Hailey  models  are  amenable  to 
hand  calculation.  All  the  others  require  varying  degrees  of 
EDP  capability.  HARS/iM  II  is  particularly  well  documented  and 
the  EDP  programming  clearly  defined.  This  may  account  for  much 
of  its  obvious  popularity. 
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The  representation  is  eitiier  physical  or  symbolic,  or  some  combina- 
tion of  the  two.  Physical  models  usually  are  similar  to  the  objects 
they  are  intended  to  represent.  The  extent  of  resemblance  varies  how- 
ever. In  some  the  simulator  is  virtually  identical  in  physical  appear- 
ance while  in  others  it  is  only  typical.  Symbolic  simulators  can  repro- 
duce the  processes  of  the  real-world  system,  but  there  may  be  little  or 
no  apparent  resemblance  in  physical  characteristics.  For  instance,  the 
mathematical  models  noted  in  the  previous  section  represented  symbolically 
by  mathematical  equations  the  target  acquisition  process.  This  section 
however,  is  concerned  with  visual  simulators  as  used  in  testing  and  evalu- 
ation of  target  acquisition.  Hereafter,  the  term  "simulation"  will  refer 
to  visual,  physical  representation  of  the  real-world. 

A well  planned  simulation  program  can  .develop  design  and  performance 
data  under  controlled  conditions  at  relatively  low  cost  compared  with  the 
costs  of  field  tests.  A well  designed  simulation  can  often  approximate 
the  controls  of  the  psychophysical  laboratory  while  also  approximating 
realistic  human  performance  tasks.  An  offective  simulation  must  be  sensi- 
tive to  significant  input  parameters  and  also  provide  appropriate  responses 
in  terms  of  outputs.  Finally,  the  outputs  must  be  translatable  into  real- 
world  measures  of  performance.  The  dagree  to  which  a simulator  can 
accomplish  these  things  is  a measure  of  its  actual  fidelity. 

This  section  will  consider  the  simulation  methods  that  have  been 
used  to  evaluate  target  acquisition.  (A  thorough  review  of  visual  simula- 
tion techniques,  not  limited  to  target  acquisition,  can  be  found  in  the 
report  by  Bliss,  1969.) 

Obtaining  reliable  target  acquisition  data  under  conditions  which 
incorporate  the  dynamic  and  visual  characteristics  of  the  real-world  is 
complex.  A qualitative  three-dimensional  diagram  as  shown  in  Figure  6-23 
(adapted  from  Greening,  1966)  illustrates  the  problem.  Two  axes  of  the 
diagram  represent  the  fidelity  of  the  situation  In  terms  of  the  visual 
and  dynamic  complexity  of  the  environment,  and  the  third  axis  represents 
the  degree  of  experimental  control.  Visual  complexity  refers  to  the 
appearance  of  the  terrain  ns  seen  from  tho  air.  Dynamic  complexity  re- 
fers to  the  changing  appearance  of  the  terrain  due  to  the  movement  of 
the  aircraft  over  it.  The  third  axis  represents  the  extent  to  which  the 
factors  under  investigation  can  be  systematically  varied,  while  other 
significant  factors  are  maintained  constant, 

Target  acquisition  simulation  is  aiming  at  the  far  top  right-  Hand 
corner  of  this  diagram-realistic  >ual  and  dynamic  complexity  combined 
with  a high  degree  of  experimental  control.  This  is  often  impossible, 
but  the  different  techniques  used  in  target  acquisition  research  approach 
the  ideal  situation  in  different  ways.  Flight  tests  achieve  maximum 
visual  and  dynamic  realism  but  have  relatively  little  experimental  con- 
trol. High-fidelity  simulation  techniques  are  less  realistic  in  terms 
of  the  visual  and  dynamic  characteristics  of  the  outside  world  but  can 
provide  better  experimental  control. 


1- FLIGHT  TEST 
2 * TERRAIN  SIMULATION 

3-  STATIC  EXPERIMENTS 

4-  DYNAMIC  EXPERIMENTS 


FROM  GREENING  (1964) 


Figure  6-23.  Schematic  representation  of  Target  Acquisition  Research 


6.4.1  Techniques  of  Visual  Simulation  for  Target  Acquisition 

Target  acquisition  is  traditionally  carried  out  by  direct  observa- 
tion of  the  terrain  from  the  aircraft.  For  simulation  of  these  tasks 
the  main  requirement  is  a vieual  display  which  accurately  reproduces 
the  appearance  of  the  terrain  os  seen  from  the  cockpit  during  flight. 
Alternatively,  target  acquisition  can  bo  carried  out  by  means  of  an 
electro-optical  (usually  television)  oonoor  system  that  relays  to  the 
aircraft  a view  of  the  terrain.  For  this  task  the  required  simulation 
is  the  E-0  sensor's  view  of  the  terrain.  The  display  requirements  for 
the  two  types  of  simulation  differ  in  certain  important  respects.  Direct 
view  requires  a relatively  widc-anglo,  usually  full-color  and  high-quality 
display  out&L'e  the  cockpit.  Simulation  of  television  or  other  E-0  view- 
ing requl-ea  a small  in-cockpit  display  of  a relatively  narrow  field  of 
view,  and  of  quality  comparable  to  live  TV,  The  different  requirements 
have  significant  Implications  in  terms  of  simulation  techniques  to  be 
uu6d. 


Two  fundamentally  different  techniques  are  in  common  use  for  high- 
fidelity  terrain  simulation.  The  first  uses  motion  picture  imagery 
obtained  by  filming  the  real-world  from  an  aircraft.  The  cecond  uses 
« terrain  model  to  provide  an  appropriate  view  of  the  terrain  to  the  cock- 
pit. The  terrain  model  is  aleo  often  used  for  TV  simulation.  Each  tech- 
nique has  advantages  and  disadvantages.  The  choice  between  them  depends 
on  the  nature  of  reoearch  to  be  carried  out,  and  the  amount  of  time  and 
reoources  available. 


C,*  V Mot  ion  Picture  Simula t ion 


Motion  pic turn  simulation  Is  used  by  many  researchers  in  evaluating 
direct "view  target  acquisition  performance,  (See,  for  instance  Gilmour, 

1964,  Gilmour  ut  til,,  1968;  McGrath  and  Uorden,  1964;  Snyder  and  Calhoun, 

1965 , and  Saif,  1971.)  Films  are  relatively  easy  to  acquire  and  to  use  and 
prov.de  obvious  face  validity;  that  is,  the  picture  certainly  appears  like 
the  real  world. 

The  main  advantage  in  using  a motion  picture  is  that  it  enables  not 
only  major  terrain  fcaturer,  such  as  woodland,  towns,  lakes,  railways, 
and  mountains,  to  be  accurately  simulated  but  also  much  more  subtle 
effects  auch  no  textures,  contrast,  illumination  and  shadows,  masking 
clouds  and  seasonal  changes.  Film  simulation  facilities  usually  are  less 
complex  and  expensive  to  set  up  than  terrain-model  systems.  In  partic- 
ular, film  aimulation  does  not  necessarily  Involve  the  use  of  computer 
facilities,  and  usually  requires  less  apace  than  terrain-model  simulation. 
Since  the  film  1b,  in  effect,  a visual  record  of  the  appearance  of  the 
terrain  during  nn  actual  flight,  visual  and  dynamic  realism  are  ensured, 
providing  that  adequate  color  and  image  resolution  can  be  achieved. 

, For  maximum  realism  the  field  of  view  should  be  comparable  to  that 
actually  noon  from  the  operational  aircraft.  Field-of-view  requirements 
for  effective  iiimulation  have  not  been  established.  The  JTF-2  motion 
picture  simulator  provides  a relatively  high  resolution  160  degree  hori- 
zontal and  60  degree  vertical  color  film  display.  Many  motion  picture 
target  acquinition  simulation  studies  have  been  conducted,  however,  utjing 
smaller  fields  of  view,  typical  of  standard  commercial  16  millimeter 
motion  pictures. 

Tho  outstanding  disadvantage  of  motion  picture  simulation  is  that 
it  is  completely  pro-programmed.  Context,  vehicle  speeds,  altitudes 
and  attitudes  nro  all  fixed  in  the  film  and  cannot  be  influenced  by  the 
operator  without  tho  destruction  of  correctness  of  perspective,  (Speed 
can  often  be  varied  over  a restricted  range  by  changing  the  projection 
speed.)  Not  only  can  the  parameters  of  the  simulation  not  be  changed  by 
the  operator  during  a run,  but  the  parameters  cannot  be  changed  from  run 
to  run  unless  duplicate  films  with  different  parameters  have  been  obtained. 
Film  is  also  fragile  and  expensive  if  multiple  prints  are  made  in  order 
to  avoid  the  lone  of  runs  through  film  wear.  The  use  of  multiple  prints 
also  produces  degradation  in  film  quality.  Since  the  pilot  cannot  con- 
trol altitude  or  track  and  can  only  make  limited  adjustment,  if  any,  to 
speed,  ho  obaerve*  rather  than  flies.  Thus,  only  partial  simulation  of 
tho  pilot's  task  can  be  achieved.  The  simulation  i3  usually  of  the  task 
of  an  observer,  not  a pilot.  Finally,  the  target  scone  is  not  subject 
to  control,  The  conditions  are  real  and  not  as  precise  as  may  be  desired. 

Motion  picture  aimulation  allows  very  accurate  measurements  of  acquisi- 
tion range  since  the  film  frame  count  can  be  recorded  at  the  moment  the 
subject  makes  a renponse.  Frame  count  can  easily  be  converted  into  a 
range  value  from  knowledge  of  the  distance  moved  by  the  aircraft  por 
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frame  and  the  total  length  of  the  run.  Thus,  measurement  of  response 
data  is  usually  relatively  easy  to  do. 

The  limitations  of  using  motion  picture  for  simulation  were  purtially 
overcome  in  the  three  JTF-2  simulators  built  in  the  1960's  (Snyder, 

| et  al,  1966).  The  motion  picture  used  70  mm  color  film  over  a field  of 
V*-  view  of  160  degrees  by  60  degrees.  Figure  6-24  is  a view  of  one  of  these 
visual  simulators.  It  can  be  used  to  simulate  either  visual  or  instru- 
ment flight.  The  cockpit  is  fully  activated  and  equipped  for  a number 
of  different  types  of  studies  including  target  acquisition,  the  evalu- 
ation of  sensor  displays,  terrain-following  and  ground  attack.  For  tar- 
get acquisition  studios  the  flight  path  of  the  simulator  is  determined 
by  an  autonnvigation  system  in  conjunction  with  pre-set  check-points 
along  the  tost  course.  In  the  instrument  flight  mode  the  pilot  can  con- 
trol hia  own  flight  path  within  a 25-mile  wide  corridor.  The  simulator 
is  computer-driven  and  represents  perhaps  the  most  sophisticated  appli- 
cation of  motion  picture  film  simulation  techniques  currently  in  operation. 

6.4, 2.1.  Motion  Picture  Simulation  Validation  Studies 


Although  many  of  the  target  acquisition  studies  listed  in  this  source 
book  have  used  motion  picture  simulation,  only  a very  limited  number  have 
been  validated  by  comparison  with  field  test  data. 

Snyder  and  Calhoun  (1965)  compared  recognition  ranges  determined 
in  the  laboratory  from  motion  picture  film  simulation  with  those  for 
the  same  targets  determined  during  JTF-2  flight  trials  (all  targets 
were  large  - highway  overpass,  lake,  buildings,  etc.).  In  this  cone 
very  large  discrepancies  between  field  and  simulator  results  were  found, 

In  the  flight  trials,  individual  targets  were  recognized  at  ranges  vary- 
ing from  twice  as  great  to  almost  twelve  times  as  great  as  in  the  simu- 
lation trials.  It  seems  likely  that  inadequate  experimental  control  and/' 
or  different  response  criteria  under  the  two  conditions  may  have  con- 
tributed to  the  results.  (The  field  t2sts  did  not  have  as  much  control 
as  was  possible  In  the  laboratory.)  An  analysis  of  these  results  is 
shown  in  Tabic  6-11. 

■3 

1 ’ The  most  extensive  comparison  between  field  and  motion  picture 

simulator  data  was  that  carried  out  to  validate  the  multi-mission  motion 
picture  simulator  developed  for  use  in  the  JTF-2  program.  The  main  pur- 
pose of  this  study,  which  has  been  reported  by  Gilraour,  et  al  (1960), 
was  to  evaluate  the  extent  to  which  the  simulator  could  be  used  os  a 
valid  means  of  predicting  the  effects  of  certain  important  target  acquisi- 
tion variables  under  field  conditions.  Additional  objectives  were  to  in- 
vestigate the  effects  of  speed  and  altitude  under  simulation  conditions, 
and  to  derive  functional  performance  relationships  useful  in  a mathemat- 
ical model  of  visual  target  acquisition. 

The  JTP-2  simulator  provided  a fairly  realistic  representation  of 
the  test  routes  used  in  the  field  trials.  In  the  simulator  study,  three 
speeds,  190,  360,  and  550  knots,  and  three  altitudes,  61,  122,  and  165 
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meters  wore  tested,  together  with  the  supersonic  speed  of  764  knots  at  an 
altitude  of  122  tasters,  giving  a total  of  ten  conditions.  Sixteen  military 
pilots  were  assigned  to  each  of  these  conditions  and  all  mission  briefings 
exactly  duplicated  the  relevant  parts  of  the  field  test  briefings. 


TABLE  6-11 

Median  airborne  target  acquisition  ranges  (across  four  flights) 
and  mean  laboratory  ranges  for  the  14  targets 


Target 

Mean  Laboratory 
Range 

Indian 

Airborne  Range 

(maters) 

(It) 

(meters) 

1 

6,256 

1,907 

37,136 

11,319 

2 

6,093 

1,857 

32,736 

9,9/8 

4 

3,933 

1,199 

34,496 

10,514 

5 

5,068 

1,545 

23,584 

7,188 

6 

2,583 

787 

16,192 

4,935 

7 

3,825 

1,166 

7,392 

2,253 

8 

7,282 

2,220 

22,880 

6,974 

9 

7,066 

2,154 

18,480 

5,633 

10 

9,659 

2,944 

39,072 

11,909 

11 

4,365 

1,330 

51,744 

15,772 

12 

6,310 

1,923 

45,936 

14,001 

13 

8,309 

2,533 

98,060 

29,889 

14 

7,390 

2,252 

29,216 

8,905 

15 

5,662 

1,726 

27,104 

8,262 

X - 5,986 

1,825 

X “ 34,573 

10,538 

Sources  Synder  and  Calhoun,  1965. 
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Hie  comparison  of  field  .ind  simulator  data  was  based  on  the  perform- 
ance measures  (range  and  probability  of  acquisition)  obtained  for  the 
eight  targets,  four  along  each  of  two  test  routes,  common  to  both  trials. 
Functional  performance  relationships  derived  from  the  field  test  and 
simulator  data  were  compared  to  evaluate  the  capability  of  the  simulation 
technique  to  predict  speed,  altitude,  and  target  effects  found  in  the  field 
tests.  The  main  points  derived  from  this  comparison  were  as  follows: 

jl  In  terms  of  acquisition  probability  for  individual 
targets,  a product-moment  correlation  of  +0.86  be- 
tween the  field  and  simulator  data  was  obtained. 

The  simulator  data  were  able  to  predict  about  76 
percent  of  the  field  test  variability  in  acquisition 
probability.  Corresponding  values  for  acquisition 
range  were  +0.78  and  61  percent. 

j2  Acquisition  ranges  as  determined  from  the  motion  pic- 
ture simulation  were  consistently  lower,  in  absolute 
values,  than  those  obtained  under  direct  view  field 
test  conditions.  This  disparity  increased  as  acquisition 
range  increased.  This  result  suggests  that  measured 
acquisition  ranges  with  motion  picture  simulation 
would  tend  to  underestimate  the  performance  improve- 
ment likely  to  occur  under  field  conditions.  (The 
same  result  was  reported  by  Snyder  and  Calhoun.) 

In  general,  the  results  of  these  studies  indicate  that  motion  pic- 
ture simulation  is  a valid  means  of  obtaining  empirical  target  acquisi- 
tion data  for  the  systematic  evaluation  of  speed,  altitude,  and  target 
effects.  Although  the  technique  does  not  exactly  duplicate  in-flight 
direct  viewing  conditions  (there  were  differences  in  absolute  perform- 
ance levels) , when  viewing  differences  and  possibly  projector  system 
resolution  were  considered,  the  two  methods  (motion  picture  simulation  and 
field  tests)  were  in  close  agreement  on  the  effects  of  critical  variables. 
The  trends  are  in  the  same  direction  even  though  absolute  values  were 
different. 

t . ft . 3 Terrain  Model  Simulation 

Motion  picture  film  must  copy  what  is  in  the  target  scene.  The 
terrain  model,  on  the  other  hand,  allows  more  precise  physical  control 
of  the  target  ares  and  may  offer  mere  freedom  for  the  observer.  Probably 
the  oldest  method  of  simulating  the  visual  field  is  the  direct  view- 
ing of  a terrain  model.  It  was  used  during  World  War  II  by  the  Army  Air 
Force,  end  sore  recently,  by  Blackwell,  et  ol,  in  target  acquisition 
studies. 

The  limitations  of  the  terrain  model  are  primarily  mechanical.  To 
simulate  a large  visual  area  requires  a large  model.  Thus,  it  is  awkward 
and  difficult  to  make  scene  changes.  Many  atmospheric  conditions  are 
difficult  or  impossible  to  realistically  simulate.  (However,  this  may 
be  an  advantage  since  the  problems  of  atmospheric  degradation  or  distor- 
tion are  not  present.) 


In  some  cases  visual  simulation  is  achieved  by  the  observer  viewing 
the  retrain  model  directly.  In  others,  a televised  (or  other  E-0  sensor) 
view  oi  the  terrain  model  ia  relayed  to  the  simulated  cockpit.  When  used 
with  E-0  sensors,  the  operator  cat*  easily  be  "coupled"  with  the  scene 
without  loss  of  signal.  The  TV  technique  provides  a visual  representation 
of  the  outside  world  in  the  simulation  of  flight.  The  cockpit  controls 
are  linked  through  analog  computcra  to  a television  camera  moving  over 
a three-dimensional  terrain  model.  Each  control  input  made  by  the  pilot 
not  only  activates  the  cockpit  instruments,  but  also  the  TV  camera  and 
link  transmit  the  visual  display  back  to  the  pilot. 

If  the  E-0  sensor  is  mounted  on  a system  allowing  full  movement  in 
six  degrees  of  freedom,  a visual  display  corresponding  to  nny  maneuver 
made  by  the  pilot  can  be  obtained.  On  some  terrain  tables,  one  degree 
of  translational  movement  is  provided  by  movement  of  the  terrain  model 
itself  with  respect  to  the  sensor  head.  Appropriate  motion  cues,  syn- 
chronized with  the  pilot  * 8 control  movements,  can  also  be  simulated  by 
the  use  of  a moving  base  cockpit  (this  adds  to  the  expense  of  the  system). 
The  fidelity  of  E-0  imagery  obtained  by  means  of  terrain  model  simulation 
is  limited  by  a number  of  factors,  the  most  important  of  which,  nro  the 
resolution  of  the  sensor,  the  field  of  view,  the  apparent  distance  of 
the  terrain  scene,  and  the  scale  of  the  terrain  model. 


Terrain  models  have  been  used  for  both  direct  view  and  F-0  sensor 
studies  of  target  acquisition  (Blackwell,  et  al,  1959;  Scltohan,  et  al, 
1965;  Fowler  and  Jones,  1972;  Brun3,  et  al,  1972). 

Terrain  model  simulation  has  several  distinct  advantages.  The  per- 
spective is  correct  in  a terrain  model  and  the  dynamics  of  perspective 
change  with  translation  of  the  observer  over  the  terrain  model  are  cor- 
rect. Runs  across  a terrain  model  can  be  unprogrammed  to  a considerable 
extent,  although  the  extent  of  flexibility  in  runs  is  limited  by  the 
terrain  model  size  and  the  size  of  the  field  of  view  of  the  observer. 
There  is  great  flexibility  in  control  of  the  stimulus  in  a terrain  model. 
The  content  can  be  whatever  is  required,  and  inherent  contrast,  colors, 
degree  of  complexity,  absolute  size,  and  the  scale  of  the  model  can  be 
varied  almost  without  limit.  Great  control  over  illumination  and  con- 
siderable control  over  visibility  conditions  can  be  maintained,  and  any 
of  these  characteristics  can  be  changed  es  necessitated  by  the  particular 
simulation  problem.  Properly  designed,  set  up,  and  used,  the  terrain 
model  can  provide  a degree  of  stimulus  control  that  is  almost  equal  to 
that  of  the  psychophysical  laboratory. 

Using  a model  to  provide  the  source  of  terrain  imagery,  rather  than 
the  real  world,  allows  much  greater  experimental  control  to  be  exerted 
over  the  nature  of  the  terrain  studied  in  terms  of  clutter,  contract, 
and  position  of  conspicuous  terrain  features.  Similar  control  can  be 
exerted  over  the  nature  and  position  of  targets.  In  particular,  the  use 
of  a suitably  designed  terrain  model,  which  allows  normally  fixed  targets 
such  as  bridges  or  buildings  to  b$  moved  from  one  position  to  another, 
enables  target  and  background  effects  to  be  evaluated  independently 


whereas  this  is  not  possible  by  any  other  technique.  Alternatively, 
the  model  can  be  designed  to  exactly  duplicate  a particular  area  of 
terrain  so  that  performance  under  simulator  and  real  world  conditions 
can  be  directly  compared. 

The  disadvantages,  lifcwcvcr,  are  also  significant.  The  most  important 
disadvantage  in  considering  the  use  of  the  terrain  model  with  a sensor 
system  is  the  restricted  display  size  tint  is  available  with  current  dis- 
play systems.  The  second  di sod vantage  ,*f  a terrain  model-television  system 
combination  is  the  degradation  which  lr  imposed  on  the  image  by  the  optical 
and  electronic  components  of  the  systems  resolution,  both  horizontal  and 
vertical;  different  spectral  response  in  Che  television  system  as  compared 
to  the  aye  which  affects  both  gray  scale  contrast  and  color  rendition;  the 
"smear"  which  occurs  with  movement  of  the  television  camera  across  the 
terrain  model  surface;  and  the  limited  field  of  view  imposed  c\  the  system 
by  lens  size.  The  final  two  disadvantages  of  this  simulation  system  are 
the  physical  siie  required  by  a terrain  model  and  the  expense  associated 
with  the  development,  maintenance,  and  use  of  a large  terrain  model  system. 
Even  small  terrain  models  can  be  expensive  -«>  set  up  if  precise  control  of 
lighting  and  target  area  is  maintained. 

Scale  size  affects  the  degree  of  realism  that  can  be  obtained  from  a 
terrain  model.  The  smaller  the  scale  the  greater  is  the  area  of  terrain 
that  can  be  simulated  in  a given  space.  However,  larger  scales  achieve 
more  realistic  representation  of  detail,  which  is  of  great  importance  in 
target  acquisition  tasks.  For  instance,  nt  a scale  of  3000:1,  a vehicle 
30  meters  long  in  the  real  world  would  measure  only  one  centimeter,  which 
obviously  does  not  allow  scope  for  any  detailed  modeling.  For  this  reason, 
scales  smaller  than  2000:1  are  not  usually  satisfactory  for  target  acquisi- 
tion studies,  and  scales  such  as  1200:1,  600:1,  or  even  200:1,  depending 
on  the  size  of  the  targets  to  be  studied,  ore  preferable.  Combined  models 
of  two  different  scales  arc  sometimes  used;  for  example,  3000:1  for  the 
navigation  part  of  the  task  and  600:1  for  the  target  acquisition  task. 

The  simulation  facility  of  the  Columbus,  Ohio  plant  of  Rockwell 
International  Corporation  is  typical  of  a closed  loop  combined  terrain 
model  simulation  for  E-0  sensors.  This  equipment  includes: 

_1  A six  degree  of  freedom  sensor  transport  which  moves  over 

a 3000:1  scale  terrain  model.  A section  of  the  model  dupli- 
cates real  terrain  near  the  area,  thus,  allowing  comparisons 
to  be  made  between  simulated  und  real-world  conditions. 

£ A variety  of  interchangeable  terrains  up  to  3.66  X 11  meters 
in  size  with  scales  ranging  from  1200:1  to  400:1,  together 
with  associated  sensor  transport  systems . 
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A four  degree  of  freedom  motion  bnnc  cockpit  with  associ- 
ated controls  and  displays.  A largo  rear  projection  ncrccn 
is  mounted  In  front  of  tins  cockpit  and  movement  of  tins  pro- 
jected display  synchronized  to  that  of  the  cockpit. 

Television  monitor  displays,  projection  facilities,  and  an 
analog/digital  computing  capability. 

These  facilities  have  been  used  for  studies  of  missile  guidance, 
remotely  piloted  vehicles  und  research  in  television  target  acquisition. 
The  equipment  is  also  suitable  for  studies  of  terrain-following,  the 
evaluation  of  heads-up  displays,  the  effect  of  task  loading  and  fatigue, 
and  related  work.  It  does  not  allow  dynamic  simulation  for  direct  view 
target  acquisition  studies.  Representative  studies  include  Schohan,  et 
al  (1965);  Soliday  and  Schohan  (1965);  Soliday  and  Milligan  (1968);  and 
McGchee,  Roscoe  and  Thill  (1972). 

A different  type  of  sophisticated  terrain-model  simulation  is  avail- 
able at  the  Martin  Marietta  Corporation,  Orlando,  Florida.  A particular 
feature  of  this  simulator  is  ability  for  the  observer  to  view  the  terrain 
model  directly  as  well  as  by  a television  viewing  system.  When  used  in- 
doors, the  model  is  illuminated  by  precisely  controlled  artificial  light- 
ing, either  indirect  or  with  a sun  simulator.  It  can  also  be  moved  out- 
side the  building  so  that  studies  can  be  carried  out  under  natural  light- 
ing conditions.  The  model  measures  12.2  X 12.2  maters,  at  a scale  of 
600:1,  which  allows  very  realistic  modeling;  variable  scales  of  1200:1 
to  200:1  are  also  used.  The  simulated  terrain  includes  a wide  variety 
of  topographic  features  such  ns  mountains,  rivers,  lakes,  built-up  areas, 
desert  and  farm  land.  .The  model  is  painted  to  simulate  the  "washed-out" 
color  effect  as  seen  from  about  650  meters  altitude,  thus  simulating 
some  degree  of  atmospheric  effect.  The  capability  for  a moving  target 
(tank  or  truck)  across  the  model  surface  is  provided. 

In  this  system,  the  sensor  head  (or  the  observation  platform  when 
the  direct  view  mode  is  used)  is  mounted  on  a beam  which  moves  verti- 
cally and  laterally  with  respect  to  the  terrain  model.  The  third  degree 
of  translational  motion  is  provided  by  longitudinal  movement  of  the  model 
towards  the  beam,  (the  model"f lies"  under  tha  observer)  while  the 
gimbaled  sensor  head  is  capable  of  three  degrees  of  rotationol  movement. 
Motion  in  all  six  degrees  of  freedom  may  be  pre-programmed,  or  controlled 
from  the  simulated  cockpit  giving  closed  loop  simulation.  The  moving 
model  and  solid  beam  arrangement  provides  on  effective  way  of  eliminat- 
ing sensor  "jitter"  due  to  motion.  Flight  speeds  from  helicopter  to 
supersonic  aircraft  can  be  simulated.  When  uacd  with  TV  sensors,  an  air- 
craft cockpit  is  also  provided,  A television  projector  provides  a view 
of  the  terrain  modal  and  allows  the  pilot  to  "fly"  over  the  model. 


A variety  of  acquisition  studies  has  been  conducted  at  the  Martin 
Marietta  facility  as  seen  in  Table  6-IU,  The  facility  (Guidance  Develop- 
ment Center)  is  shown  in  Figure  6-25.  A duplicate  of  this  iacility  has 
recently  been  completed  for  the  U.S.  Army  Missile  Command  at  Huntsville, 
Alabama, 

The  two  terrain  models  cited  (Rockwell  International  and  Martin 
Marietta)  are  only  typical.  Large,  complex  simulators  need  not  be  Che  only 
ones  used.  Excellent  terrain  models  and  examples  of  related  target  acquisi- 
tion studies  have  been  reported  by  the  Human  Factors  Laboratory,  Naval 
Missile  Center,  Point  Mugu,  California  (Bruns,  Whery  and  Bittner,  1970); 
the  Naval  Weapons  Center,  China  Lake,  California  (Craig,  1971);  McDonnell- 
Douglas  Corporation  in  St.  Louis  (Levine,  1970);  and  U.S.  Air  Force  Aero- 
space Medical  Research  Laboratories,  Wright-Patterson  Air  Force  Base, 

Ohio  (Freitag,  Hilgendorf  and  Searlc,  197A).  In  addition  to  these  smaller 
target  acquisition  terrain  model  simulators,  a number  of  terrain  model 
flight  simulators,  primarily  designed  for  aircraft  flight,  and  take-off 
and  landing,  are  in  use.  The  scale  and  terrain  on  moot  flight  simulators 
are  inappropriate  for  target  acquisition  studies. 

An  alternative  to  a rigid  terrain  model  is  the  use  of  a flexible 
terrain  belt  mounted  on  rollers.  Translational  motion  along  one  axis 
is  provided  by  movement  of  the  belt,  the  remaining  five  degrees  of  free- 
dom being  provided  by  movement  of  the  sensor  head.  Terrain  belts  have 
the  advantage  of  requiring  less  apace  than  terrain  models  and,  since 
they  are  continuous,  they  allow  greater  freedom  of  navigation  than  a 
corresponding  area  of  rigid  model. 

Terrain  belts  arc  limited,  however,  in  scale  and  operation.  One 
disadvantage  of  terrain  belts,  as  compared  with  rigid  models,  is  the 
difficulty  of  achieving  adequate  three-dimensional  modeling  of  mountain- 
ous terrain  since  the  belt  must  remain  flexible  enough  to  move  easily 
over  the  rollers.  A further  drauback  is  the  tendency  of  the  bolts  to 
deteriorate,  particularly  by  cracking.  The  Beale  size  must  be  such 
that  terrain  and  other  physical  objects  are  not  affected  as  the  belt 
turns  over  the  rollers,  particularly  in  the  vertical  position.  Because 
of  this,  scale  sizes  must  remain  in  the  10,000:1  to  1,000:1  range. 

Beits  may  also  tend  to  "flap"  and  thus  cause  distortion  to  the  oenoor. 

The  Rockwell  International  Corporation  in  Los  Angeles,  California,  for 
example,  has  a 1250:1  moving  belt  simulator. 

6. A. 3.1  Terrain  Model  Validation  Studies 

The  moat  frequently  cited  experiment  in  which  terrain  model  simu- 
lator data  have  been  compared  with  flight  trial  data  is  that  carried  out 
by  Blackwell,  Ohraart  and  Harcuo  (1958).  It  1b  also  notable  beesuee  it 
was  the  first  study  of  its  kind.  For  the  simulator  trials,  a terrain 
model  was  constructed  which  accurately  reproduced,  at  a scale  of  600:1, 


;uu  t-m 


tMUMixy  c t Target  Xc$uletti'.*i  Stud lea 


| fMH* 


1 

tl 

l"l 

r 

IV 

- [ 

Vlouel  ) 

VUvol 

TV 

1 

! 

TV  leerch. 

<e«rch,  l 

Detection  4 

Detection  4 1 

TV 

Visual* 

Coler 

vt 

» 

Detection  4 t Detection  4 * 

Brcegftttlvn 

Xecognitlon  j 2*D  va  )*D  I 

CeeukS 

to* 

tv 

HoooU>ro<M  ) 

Study  Lephasi#  . 

Recognition  1 

te.Cgnltlor.  * 

TnrectoUr 

Thresholds  , 

Targets  j 

effects 

Tra»* 

lilu 

TV 

Tost  Identification  | 

la  | 

<>[ 

k 1 

ill;. 

2:,d 

la.t 

Ic.d  » 

la 

ib ; 

2 

Is 

lb 

j. 

2b 

1 op«r«t.r  iMkt  l X Ck4.^«iw«nt  v*rl*tW*  * 

1 • VUvUj  IWi 

1 (1)  Direct  Vl*u*l  i 

| U>  HMMKroM  <HV)  tv  ' 

(!)  Clot  TV 

i 

J 

j 

1 

j 

1 

i 

:> 

i 

X 1 
( 

l ' 

i 

X 1 

i 

X 

X 

i 

X 

1 X 

* 1 

i 

X 

X 

<X^ 

:> 

0 Sc***  Dynaelce  (Bang#  Closure) 

1 

f 

* 

1 

(1)  Coot! Avow*  Convergent* 

X 

x ! 

* 

> TV 

5 ^ 

‘v  : x 

X 

X 

X 

X 

X 

X 

12)  Static  (Step)  Convtrgeivce 

, 

i 

• Operator  Tasks 

j 

i 

1 

(It  t.tt.c  ta.rch 

X » 

X . 

X i 

* 

* 

X 

X 

1 

(2)  T*r*ot  Detection  J 

X 1 

X , 

X 

> 

5.. 

$»>! 

X 

X 

X 

* 

* ; 

X 

j ()>  Target  Recognition 

1 i 

* ! 

* i 

tt 

« 

X 

X 

X 

X 

i ! 

X 

! * Target  Dineoeienalltv  and  Type  , 

i 

j 

, 

; (1)  2«D  Buildings 

(2)  )-D  Buildings  4 Vehicles 

* 

X 

X 

X 

t 

l 1 

1 

X 

1 

<c 

z* 

X 

X 

X 

X 

t*  T argot  Briefing  (within  prebriefed  • 

j *!••>  , 

| (1)  Onbrtefert  location  vlthU  • 

rr^v 

N 

1 X 

> 

» 1 

* 

X 

X 

X 

X 

X 

X 

vlrved  area 

v 

\ 

i (2)  I'fibriefod  location  within 

\ 

^S) 

X 

• 

X 

) viewed  arc a 

jo  TV  Meld-of-Vlew  (TOV) 

® 

© 

© 

© 

, (1)  Selected,  fusd  values  for 

© 

X 

X 

- « given  rva 

i 

s (j)  j/x..cn 

X 

X 

!*  Al*  Mint  (TV) 

j (t)  Target  olfaet  from  optical  axis 

| (2)  Target  on»**u  (in  central 

X 

X 

X 

* 

X 

X 

X 

X 

l 

J region  of  fUV) 

j.  tKt«t  Am*  t*ck(rovo< 

] {V  Open 

* 

X 

* 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

(2)  Cluttered 

• Target /Background  Dlscrfninatlon 
CutsU) 

(t)  Brightness  Coot tael 

* 

X 

© 

© 



© 

© 

1® 

1 . _J 

© 

© 

<$" 

©I 

© 

© 

ft 

(2)  Color  Contrast 

r 

L-. 

w 

Legend!  ® sod (rS) denotes  primary  Inter*  end  (atre«te«t  variable* 


sorts » 

O)  t*on  Um  frotrmti  to  elculat*  (UkI  POV  flip  m cat  closure  on  ur(4u  «t  drelred  r*ui 
(2)  fritaery  cuee  In  addition  to  ii(«  end  f*-“>  factor  uit. 

Oi  Detection  aad  recognition  t «» t • v*r#  p*floie»d  oe  separate  rune. 

(4)  TV  dliployed  irty  i(«li  (and  (/4itr<u)  *>ea  i»  e»:-cting  ou'i'ttsBt  nl«n  vf  ijilss 

<S>  Briefed  by  virtu*  of  having  prior  direct  vl*v«)  Utstlo  of  t h?  untfi 

<C)  Cviot  TV  Syr  Ion  us  *<  with  chroatnents  channel  *U  produce  «ow  threw#  display. 


the  topography  and  detail  of  the  ground  area,  approximately  2 kilometers 
square,  chosen  for  the  flight  trial.  The  target,  a line  of  three  vehicles, 
could  bo  positioned  where  required  on  the  terrain  model  in  such  a way  that 
the  lino  was  either  parallel  or  perpendicular  to  the  simulated  flight  path. 

The  remaining  equipment  consisted  of  a 5000  watt  incandescent  lump 
which  could  be  positioned  as  required  to  simulate  the  sun,  and  an  obser- 
vation platform  (seat)  which  could  be  mounted  at  several  heights,  simulat- 
ing different  altitudes,  on  a dolly  which  traveled  along  a track.  Pour 
altitudes  (610,  1220,  1760,  and  2290  meters)  were  tested;  recognition 
probabilities  and  slant  ranges  were  obtained  for  several  different  sun 
positions.  In  all,  860  passes  were  made  by  the  nine  Navy  reserve  pilots 
who  took  part  in  the  simulator  experiment. 

Plight  trials  were  conducted  against  real  targets  located  in  the 
2 km  square  area  which  was  reproduced  by  the  terrain  model.  As  in  the 
simulator  experiments,  the  target  could  be  located  in  any  one  of  ten 
different  positions  within  this  area  and  the  same  nine  pilots  took  part 
in  the  experiment.  In  these  trials,  a total  of  109  flight  passes  were 
made. 


Comparisons  between  the  field  data  and  the  simulator  data  showed 
largo  differences  although  the  trends  were  the  same.  For  instance,  at 
the  shortest  slant  range,  the  recognition  probability  from  the  simulator 
experiment  was  0.89,  whereas  under  field  conditions,  it  was  0.60.  In 
each  case,  the  simularor  data  were  about  30  to  60  percent  better  than 
the  field  teat  data.  Figure  6-26  shows  the  general  results  for  all 
trials. 


(km) 

S'URCE:  BlACKWf.il , OiKART  AND  HARCUH  (1950) 


Figure  6-26.  Effects  of  Altitude  on  Target  Recognition 


Blackwell,  Oh-arf.  and  Ha : cum  imp, seat  a number  of  possible  reasons 
for  the  lower  performance  under  field  conditions,  including  (1)  the 
additional  work  load  resulting  from  routine  piloting  tasks  of  the  Beech 
aircraft,  (2)  vibration  and  turbulence  of  the  aircraft,  and  (3)  the  opti- 
cal imperfections  and  distortions  of  the  windscreen.  The  pilots  them- 
selves commented  particularly  on  the  cockpit  configuration  which  made 
forward  viewing  impractical  and  thus  field  observations  had  to  be  made 
from  the  side  to  a point  nearly  forward.  Ohmarc  (personal  communication, 
1974)  also  believes  that  the  operational  situation  had  some  stress 
effects  since  an  Air  Force  fighter  exercise  was  being  conducted  in  the 
flight  area  and  caused  Che  pilots  to  be  distracted.  This,  perhaps,  also 
reduced  performance  in  acquisition. 

This  study  has  been  reviewed  at  some  length  os  it  illustrates  some 
of  the  problems  in  validating  simulation  experiments  by  field  trials. 

In  addition,  it  is  one  of  very  few  studies  in  which  any  attempt  has 
been  made  to  compare  simulator  and  field  data  under  reasonably  well  con- 
trolled experimental  conditions.  The  30  percent  reduction  in  simulator 
performance  to  account  for  the  Impact  of  task  loading  is  probably  a 
reasonable  value  as  Ohmart  believes. 

In  an  experiment  reported  by  Hamilton  (1958)  comparative  data  for 
field  and  terrain  model  simulator  studies  for  night  vision  situations 
were  also  developed  but  in  this  case,  the  variables  were  not  well  con- 
trolled. However,  it  is  interesting  to  note  that  this  second  study  re- 
sulted in  longer  acquisition  ranges  under  field  conditions,  the  opposite 
result  to  that  found  by  Blackwell,  Ohmart  and  Harcum, 

A recent  study  by  the  Air  Force  compared  the  AMRI.  1000:1  terrain 
model  with  actual  field  performance  data  for  air-to-ground  target  acquisi- 
tion performance  at  night  using  aorial  flares  (MacLeod,  1973).  The  tar- 
get acquisition  performance  simulation  study  was  conducted  in  detail  on 
the  AMRL  terrain  model.  Results  were  then  verified  with  limited  field 
tests.  Froduct-moment  correlations  between  simulator  and  fieid  test  data 
were  very  good,  ranging  between  +.90  to  +.93.  Hilgcndorf  (1973)  also 
reviews  in  part  the  results  of  terrain  table  flare  simulation  data  with 
field  test  and  reports  correlations  of  between  +.77  to  +.93  between  the 
two  for  several  variables,  plus  positive  qualitative  results. 

• 

6.4.4  Flight  Test  Studies 

Research  and  evaluation  of  air-to-ground  target  acquisition  per- 
formance can  be  obtained  either  from  operational  tests  or  from  some  form 
of  simulation.  The  two  approaches  ara  really  complementary.  Field  tests 
are  certainly  more  realistic  but  simulation  genera? ly  allows  better 
experimental  control.  The  majority  of  Che  work  reviewed  in  this  hand- 
book is  concerned  with  simulation  or  with  laboratory  experiments.  Only 
a relatively  few  well  controlled  experimental  field  tests  have  been  re- 
ported upon.  This  is  due,  of  course,  to  the  difficulty  and  expense  of 
conducting  valid  tests  in  real  world  conditions.  TIiq  target  environ- 
ment, usually,  cannot  be  controlled.  If  a certain  variable  must  be  test- 
ed, then  the  conditions  for  chat  test  must  wait  until  tha  "world”  is 
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correct.  In  many  cases,  this  wait  coats  time  and  money,  while  the  con- 
ditions may  never  appear  during  the  time  allotted  for  the  teat. 

Possible  sources  of  operational  flight  data  include  combat  missions, 
training  missions,  and  iligbt  tests.  Flight  tests  allow  the  most  systera- 
4 atic  collection  of  target  acquisition  data.  Little  information  is  avail- 

’ll able  from  combat  situations,  at  least  for  research  purposes.  Such  data 
are  not  normally  published  in  unclassified  documents  and  in  any  event 
the  results  are  most  often  anecdotal.  Combat,  data  are  moBt  often  of 
limited  value  in  detailed  study  of  factors  affecting  target  acquisition 
performance.  Target  acquisition  research  is  frequently  concerned  with 
the  effectiveness  of  specific  weapon  systems  still  in  the  development 
stage.  Even  if  the  system  is  operational  or  the  research  is  of  a general 
nature,  only  a limited  amount  of  information  is  available  from  records 
of  combat  missions.  Certainly  precise  object!  es,  repeatable  quantita- 
tive data  about  the  nature  of  the  target  and  background,  and  the  condi- 
tions under  which  the  acquisition  task  was  carried  out  are  unlikely  to 
be  reported. 


Limitations  in  the  use  of  data  from  combat  missions  also  apply  to 
routine  training  missions.  In  addition,  pilots  in  training  are  unlikely 
to  achieve  the  same  performance  levels  ns  those  who  are  fully  qualified. 
Nevertheless  some  survey  studies  have  used  data  from  training  missions. 
For  instance,  McGrath  and  Borden  (1963)  studied  the  records  of  959  train- 
ing missions  to  determine  the  extent  to  which  geographic  disorientation 
was  a serious  factor  affecting  mission  success.  They  were  able  to  use 
results  of  training  missions,  (This  otudv  did  not  consider  target  loca- 
tion accuracy,  however.)  In  general,  however,  training  missions  have 
not  been  a fruitful  source  of  data,  Training  is  a primary  mission  and 
those  responsible  arc  usually  reluctant  to  allow  research  and  tests  to 
interfere. 


Flight  trials  to  be  effective  should  be  conducted  specifically  for 
research  with  effective  aircraft  and  ground  instrumentation.  Systematic 
flight  trials,  with  a degree  of  experimental  control)  can  be  combined 
with  a high  level  of  operational  realism  to  provide  a link  between 
operational  situations  and  oimulation  experiments.  Flight  trials  provide 
operational  conditions  for  the  cockpit  environment,  pilot  v?ork  load,  the 
effects  of  buffeting  and  vibration,  a dynamic  external  visual  environ- 
ment, and  atmospheric  effects.  The  stress  of  flying  over  defended  hostile 
terrain  is  not  usually  available  in  a flight  test.  In  this  respect, 
flight  trials  must  be  regarded  as  a form  of  simulation.  The  realism  in- 
herent in  flight  tests  also  often  Omits  adequate  experimental  control 
and  accurate  measures  of  performance.  Adequate  experimental  design  and 
control  la  tho  big  problem  in  field  tests. 


Good  experimental  design  requives  systematic  changes  in  key  variables 
while  othar  effects  on  performance  «vc  held  constant,  Flight  tests  often 
do  not  allow  this.  Some  conditions,  primarily  weather,  cannot  be  held 
constant  during  a scries  of  tost  runs.  There  are  also  other  limits  on 
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systematic  variation  and/or  control,  such  as  flight  rath,  pilot  and  oboerv- 
er  skill,  number  of  targets,  target-background  relationships  and  target 
shape,  size,  and  location.  Finally,  flight  safety  limits  certain  condi- 
tions and  operational  procedures  which  may  be  practical  in  combat  operations. 

Even  a well  designed,  carefully  controlled,  and  effectively  executed 
field  test  still  may  not  be  completely  successful,  An  excellent  example 
is  the  field  test  of  a visibility  model  conducted  by  the  Navy  and  Scripps 
Institute  in  1962  and  reported  by  Erickson  and  Cordon  (1970)1. 

The  purpose  of  the  test  was  to  validate  a visibility  oriented  target 
detection  and  recognition  model.  This  effort  was  unique  in  the  level  of 
detail  in  measurement  and  in  the  computation  involved,  as  well  as  being 
one  of  the  few  full  scale  field  validations  of  a target  acquisition  model. 

The  model  provided  maximum  detection  ranges  for  two  vehicle-type 
targets  and,  with  some  simplifying  assumptions,  provided  estimates  of 
maximum  recognition  ranges,  where  recognition  was  defined  as  being  the 
ability  to  distinguish  between  the  two  targets  (a  tank  and  a van).  Since 
the  model  is  not  currently  used  and  did  not  prove  to  be  practical,  the 
details  are  not  presented.  The  details  involved  in  field  testing  and 
measurements,  however,  are  unique. 

Extensive  field  measurements  of  atmosphere  and  of  vehicle  visibility 
were  made  concurrently  with  test  flights  by  A-4  pilots  at  China  Lake, 
California.  Most  pilots  flew  more  than  one  test  run  and  on  average  of 
2.8  flights.  Target  detection  and  recognition  results  obtained  were 
then  compared  with  the  model  predictions.  Only  search  along  a strip 
was  involved  since  the  target  area  location  was  defined  by  a graded 
strip  in  the  desert.  Two  targets,  a radar  van  and  an  M-4  tank,  wero  parked 
in  various  positions  along  a long,  narrow  bulldozed  strip.  The  pilots 
flew  in  at  270  knots  IAS  and  at  a prescribed  altitude.  "Detection"  con- 
sisted of  reporting  that  an  object  could  be  seen.  "Recognition"  consist- 
ed of  reporting  the  type  of  vehicle  and  orientation.  The  van  always 
pointed  north,  and  the  tank  always  pointed  south. 

The  procedures  used  were  as  follows  (Gordon,  1963): 

1^  Precise  measurements  of  the  targets'  reflectivity  ware 
made.  This  included  detailed  data  on  roflectivity  of 
the  finish,  as  a function  of  wave  length,  angle  of  in- 
cidence of  illumination,  and  viewing  engie.  Photos  were 
taken  under  many  conditions  and  were  scanned  with  a densi- 
tometer to  obtain  contrast  patterns  of  the  targets. 


1 The  teats  were  actually  conducted  by  Louie  Erwin  who  died 
before  the  results  were  published.  Erickson  compiled  the 
data  and  published  the  NWC  report  in  1970  so  that  the  in- 
formation would  not  be  lost  (Erickson,  personal  communi- 
cation, June  1974), 


» 
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,2  Similarly,  precise  properties  of  the  soil  and  blacktop  and 
background  were  also  subjected  to  detailed  ntudy. 

2 The  "inherent  target  indices"  were  deocribed  by  use  of  the 
detailed  densitometer  plots  of  the  target  from  n given  angle 
combined  with  the  shape  of  the  visual  lobe  of  an  observer. 
Convolution  integrals  of  targer  contrast  and  visual  perform- 
ance data  were  then  used  to  p’.oduce  a "target  index"  for  each 
target  for  a given  altitude  and  line  of  sight. 

2 "Apparent"  target  indices  were  then  devised.  The  inherent 
target  index  was  multiplied  by  the  transmittance  of  the 
atmosphere  and  the  aircraft  windscreen  and  modified  by  a 
"field  factor"  to  obtain  the  "apparent  target  indices." 

(The  model  considered  three  field  factors,  2,4,  3.6,  and 
3.8„) 

2 The  theoretical  sighting  range  was  then  calculated.  The 
ground  range  to  the  center,  forward  edge,  and  near  edge  of 
the  assumed  "hard  shell"  detection  lobe  was  computed  for 
each  of  several  viru3l  depression  angles.  The  extent  of 
ground  range  between  near  and  far  edges  of  the  lobe  repre- 
sented the  iranga  with  which  detection  could  take  place 
for  that  set  of  conditions.  Figure  6-27  is  a typical  de- 
tection lobe  plot. 

(j  Calculotion  of  detection  probability  was  then  made.  A 
set  of  assumptions  ubout  pilot  search  behavior  was  made  to 
permit  selection  of  line  of  sight  angles.  Probability  of 
detection  in  a single  glimpse  was  determined.  Cumulative 
probability  was  then  computed  on  the  assumption  of  system- 
atic search.  Figure  6-28  is  a typical  cumulative  prob- 
ability. The  theoretical  maximum  range  is  degraued  by  the 
field  factor. 

2 A "target  index  for  conditional  recognition"  was  computed 
based  on  the  assumption  that  the  recognition  response  could 
take  place  ao  soon  as  the  observer  could  detect  the  dificr- 
enco  in  signal  between  the  two  targets,  and  allowing  a i. 7 
second  interval  for  study  of  the  target.  'Thus,  thfc  pre- 
dicted recognition  range  mo  simply  2.7  seconds  of  observer 
travel  lees  than  the  detection  range.  Tills  Vstluo  was  based 
on  a study  which  simulated  low  level  target  acquis it ion  by 
using  small  models  as  seen  from  a passing  autowblla 
(Duntley,  1557), 

The  modeling  techniques  proved  to  he  very  optimistic  whan  compared 
with  test  results  (Erickson  and  Gordon,  1970).  In  general,  detection 
ranges  were  underestimated  while  recognition  ranges  ware  significantly 
overestimated.  In  this  field  teat,  search  was  not  a problem { thus, 


the  underestimation  of  detection  is  not  surprising.  However,  the  re- 
sults for  recognition  clearly  indicate  that  more  is  involved  in  recogni- 
tion than  Just  simple,  visual  signal  pattern  differentiation.  Compare 
the  obtained  results  for  cumulative  probability  of  detection  and  recog- 
nition in  Figure  6-29  with  those  predicted  in  Figure  6-28. 

This  report  presents  clearly  the  problems  of  field  evaluation  and 
validation.  The  results  were  much  less  definitive  than  was  expected  in 
spite  of  extensive,  careful  measurements,  a superior,  well  planned 
and  executed  experimental  design,  and  deliberately  limited  test 
objectives. 
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HORIZONTAL  DISTANCE  FROM  OBSERVER  TO  CENTER  AND 
EDGES  OF  LOBE -FEET  (METERS) 


SOURCE:  ERICKSON  ANO  GORDON,  1370 

Figuro  6-27,  Linear  Definition  of  the  Detection  Lobe,  and  the  Paths  of  Sight 
Appropriate  to  Detection  at  a Given  Observer-to-Target  Distance 


UKULATiVE  PROBABILITY 


TARGET:  RADAR  VAN 

OBSERVER  ALTITUDE:  4000  FEET 

(1219  METERS) 


(METERS) 


Figure  <5-28.  Typical  Cumulative  Probability  of  Detection  and  Recognition 
for  Systematic  Search  for  tho  Possible  Target  Positions 
at  the  End  of  a Bulldozed  Strip 
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CUMULATIVE  PROBABILITY  OF  DETECTION  AND  RECOGNITION 
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(ERICKSON  AND  GORDON,  1970) 


Figure  6-29.  Field  Test  Results,  Cumulative  Probability  of  Detection 
and  Recognition  of  a Radar  Van  From  4000  Foot  Altitude 


Flight  test  performance  may  be  measured  in  terms  of  target  acquisi- 
tion range,  Here  the  correctness  of  the  acquisition,  and  the  actual 
range  must  be  determined.  Instrumented  ranges  can  be  used  to  provide 
radar,  laser,  or  other  range  measuring  data.  Pilot  reports  of  acquisi-  . 
tion  combined  with  true  verified  location  on  the  ground  and  a film  or 
TV  record  con  be  used  to  assure  correct  acquisition.  In  general,  photo 
or  TV  recording  provides  the  roost  reliable  verification  of  target 
acquisition  by  a pilot.  Using  only  verbal  reports  as  to  location  or 
orientation  of  target  does  not  allow  for  possible  mialocations ; even 
whole  target  areas  can  be  mislocated  (JTF-2,  Tests  4.1  and  4.4).  Verti- 
cal photography  can  also  be  used  to  provide  aircraft  location.  For  all 
key  variables  in  the  test,  redundant  measures  are  usually  necessary. 

For  example,  Blackwell,  Ohmart  and  Harcum  (1958)  report  differences  in 
acquisition  range  a3  measured  by  optical  tracking  and  by  vertical  photog- 
raphy of  13  percent.  Wade  (1964)  and  Richardson  (1962)  also  report 
similar  discrepancies  between  measurement  techniques.  Range  measurement 
must  be  precise  and  at  least  two  independent  measurement  techniques  are 
needed. 


Any  objective  evaluation  of  field  test  data  makes  obvious  the  prob- 
lems of  measurement  and  control.  A review  of  soma  field  teBt  results 
was  conducted  by  Bliss  (1966).  Bliss,  for  instance,  cites  a report  in 
which  he  states,  "...  (This  test)  illustrates  the  problems  of  con- 
ducting and  reporting  flight  tests  when  thorough  planning  has  not  bee- 
done.  There  is  no  experimental  design  of  any  kind,  no  control  of  p'.toi 
ability,  and  no  control  of  learning,  no  check  or  assessment  of  the 
accuracy  of  range  measurements,  no  check  on  the  validity  of  the  pilot's 
detection  and  identification  reports,  no  review  of  previous  work  on  the 
came  problem,  and  no  statistical  tests.  A totally  inappropriate  altitude 
for  search  for  these  typos  of  targets  was  selected.  The  report  is  in- 
ternally inconsistent  in  description  of  procedures  and  draws  conclusions 
not  consistent  with  tha  reported  results,"  Needless  to  say.  Bliss  is 
dubious  about  the  validity  of  many  field  tests. 


Another  approach  to  fiold  testing  wao  that  adopted  by  Joint  Task 
Force  Two  (JTF-2).  Hero  a major  field  test  effort  involved  a dozen 
different  types  of  aircraft,  and  five  different  classes  of  field  tests, 
consisting  of  more  than  3000  sorties.  Two  of  the  major  tests  series 
evaluated  air-to-ground  target  acquisition,  at  altitudes  below  1000  feet 
(304  s. ) . JTF-2  was  established  in  1364  by  direction  of  the  Secretary 
of  Defense,  directly  responsible  to  the  Joint  Chiefs  of  Staff,  to  teat 
the  low  altitude  capabilities  of  tactical  and  strategic  aircraft  weapon 
systems,  along  with  the  capabilities  of  air  defense  systems  against  low 
flying  aircraft.  Tho  test  program  was  discontinued  after  1967.  Test 
1.0,  Minimum  Terrain  Clearance  and  Test  3. 1/3, 5,  Surface-Based  Air  De- 
fense are  not  directly  related  to  this  discussion.  However,  two  of  the 
tests  were  of  target  acquisition  systems  and  the  third  was  related  to 
it. 


Test  4.1,  Visual  Target  Acquisition,  examined  the  visual  ground  tar- 
get acquisition  capabilities  of  representative  aircrews  against  pre-briefed 
targets,  flying  representative  aircraft  under  visual  flight  conditions 
over  rolling  terrain.  Also  examined  on  the  target  acquisition  task  was 
the  relationship  between  such  variables  us  aircraft  type,  terrain  clear- 
ance, altitude-target  characteristics,  and  environment.  Assigned  test 
altitudes  were  two  terrain  clearance  bands:  minimum  safe  altitude  to 
400  feet,  and  500  to  900  feet  above  the  terrain.  Ten  aircraft  types 
were  used:  five  tactical  strike  (A-1E,  A-4B,  F-4C,  A-6A,  and  F-105D), 

three  tactical  reconnaissance  (RF-101,  RA-5C,  and  RF-4C),  and  two  strate- 
gic (B-52  and  B-58).  A total  of  474  data  gathering  sorties  was  flown  by 
the  232  participating  aircrews  at  assigned  airspeeds  varying  from  175  to 
550  knots. 

Test  4.4,  Target  Acquisition-Tactical  Air  Reconnaissance,  evaluated 
aircrew,  sensor,  and  interpreted  target  acquisition  capabilities  against 
targets  of  opportunity  over  rolling  .terrain.  The  target  acquisition 
task  examined  the  relationship  among  such  variables  as  aircraft  type, 
altitude,  speed,  course,  and  environment.  Assigned  altitude  bends  were 
from  minimum  safe  altitude  to  400  feet,  and  500-900  feet  above  the  terrain. 
Forty-nine  field  army  type  targets,  all  distinctly  visible  from  the  air, 
were  used  in  the  test.  Aircrew  performance  was  scored  based  on  tha 
percentage  of  targets  acquired,  how  accurately  the  acquired  targets  were 
described,  how  completely  the  target  complexes  were  described,  and  how 
accurately  the  targets  could  be  located  on  maps.  Photo  interpreters 
were  similarly  scored.  Sensor  performance  was  evaluated  as  to  the  per- 
cent of  targets  and  individual  target  details  that  were  captured  on 
imagery.  Data  were  obtained  from  508  A-6A,  A-4C/E,  F-4C,  RF-4C , 0-1F., 
and  UII-1B  aircraft  sorties. 

Test  2.1,  Penetration-Operational  Systems,  was  flown  in  conjunction 
with  Tests  4.1  and  4.4.  Navigation  capabilities  of  representative  air- 
craft and  aircrews  at  low  altitude  over  both  flat  rad  rolling  terrain 
and  over  navigation  courses  ranging  from  150  to  175  miles  in  length, 
were  examined  in  this  test.  Navigation  capability  was  measured  by  rate 
of  check  point  acquisition  and  time  deviation.  The  relationship  among 
such  variables  as  aircraft  type,  altitude,  speed,  and  aircrew  experience 
was  also  examined.  Data  were  obtained  from  478  sorties  over  flat  terrain 
and  421  sorties  over  rolling  terrain.  While  the  navigation  data  do  not 
directly  involve  target  acquisition,  the  results  of  navigation  uncertain- 
ty can  affect  operational  target  acquisition  performance.  (See  Section 
5.2.3.4«)  Thus  these  results  are  also  of  general  interest  to  the  prob- 
lem of  target  acquisition. 

As  part  of  the  4,1  and  4.4  field  tests  a series  of  photographic 
flights  was  conducted  to  obtain  specialized  wide  angle  70  mm  photographic 
simulation  imagery  for  the  support  of  task  force  research  programs. 
Collection  of  Test  4.1  imagery  was  completed  during  the  summer  and 
fall  of  1966,  using  Che  standardized  field  test  courses  established  by 


JTF-2  in  the  Louisiana/Arkanaas/Oklahoma  area.  The  test  courses  for 
Test  4. 4 were  established  in  the  same  general  area  and  were  filmed  dur- 
ing the  summer  of  1967.  The  specific  flight  and  photographic  conditions 
used  in  filming  were  deliberately  selected  to  meet  particular  JTF-2 
simulation  test  requirements.  In  general,  separate  films  were  collected 
to  represent  systematic  variations  in  those  flight  parameters  dependent 
on  aircraft  position  (i.e.,  altitude  and  offset).  Each  simulator  mission 
film  represented  coverage  of  a particular  JTF-2  cest  course  under  a t 
specified  set  of  operational  conditions.  In  addition  to  the  motion 
picture  films,  imagery  using  infrared  and  radar  sensors,  and  oblique 
and  panorama  still  photographs  were  obtained.  ' The  simulation  phase  was 
not  conducted,  however,  due  to  the  disestablishment  of  JTF-2. 

The  majority  of  the  JTF-2  test  data  is  classified  and/or  still  re- 
tains a limited  access  status.  Thus  a discussion  of  the  results  la  not 
possible  here.  However,  the  test  series  represented  the  best  efforts  of 
military  and  scientific  personnel  to  obtain  statistically  valid  and  oper- 
ationally useful  data.  The  test  designs  were  such  that  statistically 
sound  samples  of  human  performance  data  were  planned.  The  quality  and 
quantity  of  information  aa  to  target  acquisition  performance  were  compared 
with  ground  truth.  The  accuracy  of  performance  in  acquiring  targets 
was  measured  and  the  accuracy  of  those  measurements  reported.  The  avail- 
able JTF-2  results  have  been  noted  in  previous  chapters  in  this  source 
book.  The  JTF-2  lesults  contradict  none  of  the  major  findings  previously 
noted  herein.  The  data  are  reported  in  a series  of  JTF-2  volumes 
cited  in  the  bibliography. 

Another  series  of  field  and  simulator  tests  of  air-to-ground  target 
acquisition  is  being  conducted  under  Department  of  Defense  sponsorship 
as  project  SEEKVAL  (Joint  Test  Project,  July  1973).  Some  initial  re- 
sults of  simulation  studies  in  this  program  have  been  cited  (Van  Arsdall, 
1974,  Frettag,  Hilgcndorf  and  Scarle,  1974),  As  of  this  date,  however, 
no  field  tests  have  been  conducted. 

A recent  summary  of  field  tost  data  has  also  been  prepared  by  Thorn- 
ton, Erickson,  and  Bruns  (1973).  This  classified  document  summarizes 
54  reports  of  field  tests  of  direct  visual  air-to-ground  target  acquisi- 
tion. The  authors  found  that  the  reports  wore  not  well  organized.  As 
a result,  meaningful,  related  data  were  hard  to  extract.  Typically, 
many  reports  were  deficient  in  descriptions  of  test  conditions  and  pro- 
cedures. Such  key  data  as  range  of  target  acquisition  were  often  not 
reported.  Even  where  it  was,  the  definitions  of  the  target  acquisition 
process  used  in  the  test  were  not  the  same.  (See  Glossary  of  this  source- 
book.) While  many  excellent  tests  were  noted,  most  field  tests  were 
poorly  structured  and  poorly  reported.  Table  6-IV  is  from  the  report 
by  Thornton,  et  al  (1973).  Tills  summary  Indicates  the  contents  and 
limits  of  typical  flight  tests.  Table  6-V  is  adapted  from  that  form 
and  modified  to  include  sensor  aided  as  well  as  direct  visual  target 
acquisition  tests.  Tables  6-IV  and  6-V  provide  a preliminary  check  list 
for  the  presentation  of  data  in  flight  tests'of  target  acquisition. 


SOURCE: 


TABLE  6-IV 

Test.  Completeness  Statistics 
Thornton,  et  al  (1973) 


Total  of  57  Reports/Tssts  Reviewed  (4%  were  not  applicable) 

Of  the  53  applicable  reports/ tests , the  following  percentages  apply: 

TYPE  OF  DATA  PRESENTED: 

Range  to  target  at  task  completion  - 56. 6% 

Percent  of  targets  where  task  completed  - 30.2% 

Time  required  to  perform  task  - 24.5% 

Probability  of  completing  task  ~ 16.9% 

Errors  (e.g.,  false  reports)  - 16.9% 

Cumulative  probability  os  function  of  range  - 15.1% 

Number  passes  required  to  perform  task  - 1.8% 

Other  types  of  data  (or  data  of  little  use)  - 11.3% 

TARGET  CONSIDERED: 

Type: 

Vehicle  - 45.3% 

Personnel  - 9.3% 

Deployed  army  - 45,3% 

Convoy  - 16,9% 

Other  - 15.1% 

Nunber  per  configuration: 

One  - 30.2% 

Two  - 3.7% 

Three  - 15.1% 

Four  or  greater  - 11.3% 

Varied  - 20.7% 

Not  reported  - 18.9% 

Movement: 

Static  - 90,6% 

Dynamic  - 37.7% 

Aspect  and  orientation  (v/r  to  flight  path)  reported:  52.8% 
Lighting  (direct  aun/shade)  reported:  39.6% 

Luminance  (and/or  reflectivity)  reported.:  3.7% 

Glint/ highlights  reported  1.9% 

Amount  of  camouflage: 

None  - 45.3% 

.Some  - 30.2% 

Not  reported:  24,5% 

Contrast  reported:  13.2% 

Color  repotted:  23.3% 


BACKGROUND: 

Search  area  size  reported:  52.82 
Terrain/foliage  information  given:  75.52 
Clutter /cue  information  provided:  58.5% 

Luminances  (and/or  reflectivity)  reported:  11.32 
Lighting  reported:  43. 4% 

Colors  reported:  9.42 

AIRCRAFT; 

Type: 

Fighter  - 32.12 
Observation  - 26.4% 

Bomber  - 11,32 
Helicopter  - 30.22 
Attack  ~ 13,22 
Other  - 15. 1% 

Flight  Tactic: 

Straight  in  - 54.72 
Combination  - 9.4% 

Dive  - 1.92 
Fop-up  - 9.4% 

Orbital  ~ 3,82 
Not  reported  - 26.42 
Altitude  (feet): 

Pop-up  or  nape-of-the-earth  - 18.92 
0-400  - 41,5% 

400  - 1000  - <*9.12 
1000  - 2500  - 39.62 
2500  - 5000  - 32.1% 

5000  - 8000  - 18.92 
Greater  than  8000  - 13.2% 

Not  reported  - 3,8% 

Speed  (knots): 

0 - 50  - 16.92 
50  - 100  - 24.8% 

100  - 250  - 26.4% 

250  - 400  - 32.12 
400  - 550  - 30.22 
550  - 700  - 5.7% 

Not  reported  - 20.82 

Other  flight  path  information  (e.g.,  heading)  reported:  47.2% 
Number  of  aircraft  in  group: 

One  - 86.82 
Two  - 5,72 
Three  -7.62 
Hot  reported  - 3.8% 
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Geographic  orientation  to  target  reported:  28.32 
Vectored  to  target  area: 

Yes  - 26.4% 

No  - 24.3% 

Not  reported  *»  28.3% 

Requirement  to  navigate  to  target: 

Yes  - 43.4% 

No  ~ 41.5% 

N't  reported  - 15,1% 

Accuracy  of  approach  to  target  reported:  35.9% 

CR..V; 

Number  searchers  per  aircraft: 

Ore  - 81.1% 

Two  - 24.5% 

Three  - 3.8% 

Four  - 1.9% 

Not  reported  - 3.8% 

Experience  (e.g.,  pertinent  flight  hours)  reported:  67.9% 
Type  of  briefing  subjects  received  reported:  66.0% 
Familiarity  of  crew  with  area: 

Familiar  - 20.8% 

Varied  - 3.8% 

Not  familial*  - 1.9% 

Not  reported  - 73.6% 

Number  previous  passes  in  test  reported:  32,0% 

• How  much  general  flying  in  area  reported:  5.7% 

Specific  information  on  crew: 

Rank  reported  - 30.2% 

Age  reported  - 11.3% 

Test  scores  reported  - 13.2% 


TASK: 

Detection  *•  66.0% 

Recognition  - 52.8% 

Identification  - 37.7% 

Other  -9.4% 

Definition  of  task  givens  73.6% 

Search  tactic  used  reported:  15,1% 
Workload  (other  than  searching) : 

Yes  - 69.8% 

No  - 45.3% 

Not  reported  - 3.8% 

Search  time  available  reported:  37.7% 

ATMOSPHERE: 

Invars ion/haze  layer  reported:  15.1% 
Visibility  reported:  49.1% 


« I 


How  visibility  measured  reported:  28.3% 

Cloud  cover  level  reported:  39,6% 

Celling  condition  reported:  28.3% 

.'I  Sun  angle  (w/r  to  line-of-aiRht  to  target)  reported:  30.2% 

Wind  speed  correction  reported:  3.8% 


i 


TABLE  6-V 


FIELD  TEST  REPORT  ON  AIR-TO-GROUND  TARGET  ACQUISITION 
DATA  SUMMARY  FORM 

REPORT  TITLE  AND  NUMBfcs 
Fiold  Tests 

Technical  Performances 

Issuing  Agency,  Data,  and  Author (s) s 


Type  of  EO  Systems 

TYPE (a)  OF  DATA  PRESENTED 

Range  to  target  at  task  completion 

Probability  of  task  completion 

Time  required  to  perform  task 

Number  of  passes  required  to  perform  task 

Errors  (e.g..  false  reports) 

Range  of  lock-on 
How  target  acquired 

A.  EO  only  D.  EO,  confirmed  by  Direct  View 


C.  Direct  View,  Switch  to  EO 
Tima  to  (A)  (B) 

Time  to  complete  task 
Other 

TARGET  (SPECIFY  BOTH  MILITARY  AND  VISUAL  ASPECTS) 
Number/configuration 
Typ*  (and/or  ai*e,  ohapo,  etc.) 

Moving  or  Static 

Aspect  and  Orientation  (w/r  to  3-D  fit,  path) 


Lighting  (direct  sun/ahade) 

Color 

Luminance  (and/or  reflectivity) 

Glint/ Highlights 
Camouflage 
Contrast  at  Target 
at  SenRor 
at  Display 
Temperature 

BACKGROUND  - - SEARCH  AREA  SIZE 

Terrain/foliage  classification 

Clutter /cues 

Lighting 

Colors 

Luminances  (reflectivity) 

Temperature 
AIRCRAFT  - « TYPE 

Flight  tactic  (atraight-in,  orbital{  etc.) 
Altitude 

Speed  (ground  speed  if  poaaible) 

Other  fit.  path  info,  (e.g.,  heading,  position) 
Number  A/C  in  group 

Geographic  orientation  in  approaching  target  area 
Vectored  to  target  area? 

Requirement  to  navigate  to  target 
Accuracy  cf  approach  to  target 
CREW  - ~ NUMBER  SEARCHERS  PER  A/C 

Experience  (pertinent  flight  hours) 

Typ#  of  briefing  received 
Familiarity  of  crew  with  area 

Number  previous  pasai.9  in  test 
How  much  general  flying  in  area 


£=M. 


Specific  info,  on  crow:  Age 

Rank 

Test  Scores 
Experience  with  Syotera 
Number  Observers  per  Display 
SENSOR 

Typo 

Whore  carried 
Field  of  View  in  Degrees 
Fixed 
Variable 
Zoom 

Scan  Angle 

LOCATION: 

Missile  Pod  A/C 


! 


TRACK: 

Manual 

Automatic  Type 

Resolution 
Comments 


DISPLAY 

Type 

Size 

Resolution 


r\  J ...1  A..-1  t Ua  nant'A 

uvwn/v»fc** 

Viewing  Distance 
Ambient  Illumination 
Hood 


Special  Featureo 
Comments 


TASK  - - Detection,  Recognition,  Identification,  Classification 
Definition  of  above  used 

Search  tactic  used  (uniform,  line,  random,  etc.) 

Workload  (e.g,  navigating  and  searching) 

Search  time  available 
Search  Tactic 

ATMOSPHERE  - - IKVERSION/HAZE  LAYER 
Visibility  (eubject-to-target?) 

How  measured 
Cloud  cuver  level 
Ceiling 

Sun  angle  (w/r  to  line-of-sight  to  target) 

V?ind  speed  correction 
Humidity 

REMARKS  - - EVALUATION  OF  TEST,  ETC. 


6.5  Conclusion 


Techniques  available  for  the  evaluation  of  air-to-ground  target 
acquisition  performance  vary  widely  in  the  extent  to  which  they  iccur- 
atcly  rcprcsc.it  the  visual  and  dynamic  complexity  of  the  real  world  task, 
in  the  degree  to  which  the  experimental  situation  can  be  precisely  con- 
trolled , and  in  complexity  and  cost.  Each  of  the  three  main  techniques, 
mathematical  models,  visual  simulation,  and  field  tests,  has  particular 
advantages  and  disadvantages  which  must  be  closely  considered  when  se- 
lecting an  evaluation  method. 

Operational  data  represent  the  maximum  possible. realism.  But  flight 
tests  can  only  provide  reliable  information  if  the  trials  are  carefully 
planned  and  conducted  so  as  to  ensure  adequate  experimental  control. 

Even  when  this  is  done,  the  variability  of  the  data  is  inevitably  large, 
as  compared  with  data  obtained  under  conditions  of  more  rigorous  experi- 
mental control.  Blackwell,  et  al  (1958),  Gilmour,  et  al  (1965),  Valen- 
tine (1971),  and  Thornton,  et  al  (1973)  all  report  variability  of  flight 
trial  data  up  to  three  tiroes  as  great  as  that  of  corresponding  simulator 
trials.  To  achieve  the  same  level  of  statistical  significance,  therefore, 
a much  greater  number  of  trials  are  required.  In  practice  this  is  very 
rarely  possible  since  flight  teats  are  expensive  in  terms  of  both  per- 
sonnel and  equipment,  as  well  as  time. 

In  view  of  the  difficulty  and  expense  of  obtaining  flight  data, 
the  use  of  simulation  is  an  important  way  to  evaluate  target  acquisition 
performance.  A number  of  sophisticated  techniques  have  been  developed 
for  the  simulation  of  the  terrain  viewed  either  directly  by  motion  pictures, 
or  by  means  of  a television  system.  Accurate  visual  simulation  is  a 
primary  requirement  in  target  acquisition  evaluation.  The  degree  to 
which  other  aspects  of  Che  operational  situation,  such  as  environmental 
effects  or  aircrew  workload,  must  be  represented  in  order  to  obtain  valid 
data,  has  not  been  clearly  established, , Thus,  even  if  tho  simulation 
has  been  well  defined,  determining  the  extent  to  which  tho  operational 
situation  should  bo  represented  is  by  no  means  easy.  The  more  the  simu- 
lator teat  approaches  the  real  world,  the  greater  tha  complexity  end  coat 
of  tho  equipment  required.  In  theory,  tha  aim  must  be  to  maximize  the 
validity  of  the  data  obtained  while  minimizing  tha  complexity  and  cost. 

In  practice  there  are  few  guidelines  «a  to  how  this  can  be  achieved. 

Careful  experimental  design  and  specification  of  variables  to  be  tested 
are  vital.  However,  better  control  of  experimental  conditions  is  possible 
with  a simulator. 

In  some  cases  a decision  may  be  mode  not  to  simulato  but  to  abstract 
certain  aspects  of  the  test  and  study  them  in  isolation,  in  order  to  obtain 
information  about  the  basic  processes  involved.  This  "laboratory"  method 
has  tho  advantage  of  reducing  the  cost  of  the  equipment  and  allowing 


greater  control  over  the  variables  of  interest.  The  data  obtained  from 
these  simplified  situations  are  not  readily  related  to  real  world  condi- 
tions, Laboratory  simulation  in  which  the  visual  complexity  of  the  oper- 
ational took  is  reduced  by  the  use  of  nlraple  abstract  displays  or  the 
dynamic  complexity  eliminated  by  tha  use  of  static  material,  can  make  u 
valid  contribution  to  the  study  of  target  acquisition  problems  but  such 
an  approach  can  only  be  regarded  as  - jplemcntary  to,  and  not  a cubnti- 
tute  for,  more  realistic  simulation  s 'dies. 

A different  problem  usually  also  encountered  at  an  early  stage  in 
the  development  of  a system,  is  determining  the  conditions  under  which 
satisfactory  performance  cannot  be  achieved  so  that  they  can  be  elimi- 
nated from  further  consideration.  Evaluations  of  this  sort  can  be  effec- 
tively carried  out  by  means  of  mathematical  modeling  techniques.  Since 
most  models  tend  to  be  more  optimistic  than  operational  conditions,  it 
can  be  assumed  that  if  acceptable  performance  cannot  be  achieved  in  Che 
model,  then  the  system  will  also  be  operationally  unsatisfactory.  Thus, 
modeling  allows  minimum  standards  to  be  established  at  an  early  otage 
in  the  development  program  for  a target  acquisition  system. 


CHAPTER  SEVEN 


CONCLUSIONS  AND  RECOMMENDATIONS 


7. 1 Purpose 

T e purpose  of  this  chapter  is  to  summarize  the  problems  and  shortcom- 
ings in  target  acquisition  (TA)  work  and  to  recommend  areas  in  system  design, 
operations,  and  research  which  have  some  probability  of  providing  answers  to 
the  problems  of  acquiring  targets.  This  source  book  has  reviewed  the  results 
of  experimentation,  simulation,  models,  theory,  and  the  results  of  field 
studies  pertaining  to  air-to-ground  TA.  The  bibliography  of  approximately 
1750  references  accumulated  as  a direct  outcome  of  Che  literature  search 
necessary  to  prepare  this  report  indicates  the  enormity  of  the  field,  the 
wide  qumber  of  technology  areas  contributing  to  it,  and  the  large  number  of 
individuals  actively  pursuing  solutions  to  its  variety  of  problems.  The 
results  of  this  search  have  been  disappointing  in  some  ways.  There  is  no 
straightforward  way  to  select  appropriate  data  from  laboratory,  simulator, 
or  field  testa  and  to  combine  the  whole  <nto  a sensible,  comprehensive  view 
of  TA. 

Early  in  this  discussion,  a c1 ossification  scheme  for  the  TA  problem 
was  chosen  (Figure  1-2) . To  a L'.cge  extent  this  approach  has  been  follov/cd 
throughout  this  review.  The  effects  of  uncontrolled  variables  even  under 
the  sana  nominal  conditions  have  been  noted.  The  impact  of  interactions  be- 
tween those  variables  has  received  lees  emphasis.  For  simplicity,  the 
review  of  this  data  may  have  tended  to  ignore  the  complex  effects  of  inter- 
actions among  tha  events  that  affect  TA.  The  paramsters  and  variables  noted 
in  Figure  1-2  do  not  usually  act  independently.  The  level  of  detail  in 
which  they  are  considered  is  not  consistent  in  any  two  studies.  If  all  the 
variables  were  always  measured  in  the  same  way  and  were  alwayR  reported, 
some  reasonable  evaluation  of  interactions  might  bo  made.  Obviously  this 
has  not  happened.  The  number  of  variables  is  large,  and  many  are  not 
amenable  to  control.  Even  the  choice  of  important  variables  will  depend 
upon  the  bias  and  interest  of  the  invetiCi&stor  concerned.  However,  baaed 
upon  our  review  of  published  material  and  the  authors'  biases  and  interests, 
the  conclusions  are  presented  in  this  chapter. 

The  following  general  criticisms  and  conclusions  of  TA  research  nee a 
to  be  appropriate  aC  this  time: 

1.  tia  simple  answers  to  the  description,  evaluation,  and  prediction 
of  TA  performance  axlot  at  present,  nor  does  it  appear  likely  that 
major  breakthroughs  will  be  soon  forthcoming. 
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2.  Although  much  laboratory  research  has  been  performed  in  search, 
detection,  and  recognition  of  targets,  most  of  it  has  used  abstract 
targets  and  backgrounds,  has  had  a research,  rather  than  applied, 
bias  and  slant,  and  is  at  best,  not  directly  applicable  to  solving 
the  applied  TA  problem(«). 

3.  There  has  been  some  ill  conceived,  poorly  organized,  and  badly 
executed  work  in  the  area  of  TA,  particularly  in  field  test  and 
simulation  where  important  variables  have  not  been  identified, 
measured,  or  held  constant. 

4.  Insufficient  work  has  had  a human  performance  orientation,  investi- 
gating the  effects  of  learning,  motivation,  and  individual  dif- 
ferences. 

5.  The  literature  of  TA  la,  for  the  most  part,  difficult  to  obtain, 
collate,  and  review.  Huch  of  it  is  buried  in  company  files,  out 
of  print,  or  otherwise  not  in  the  open  literature. 

6.  A problem  plaguing  the  TA  area  is  the  lack  of  a standardized  nomen- 
clature, definition  of  terms,  measurement  methodology,  and  mathe- 
matical symbology. 

7.  There  has  been  little  communication  between  practitioners  and 
researchers,  probably  because  of  the  lack  of  understanding  of 
practical  problems,  and  because  of  differences  in  training,  back- 
ground, and  methodology, 

8.  There  has  been  soma  polarizaticn  but  little  cooperation  among  the 
different  technologies  concerned  with  TA,  o.g.,  the  display  group 
interested  in  display  quality  and  the  mission-analytic  group 
interested  in  task  and  mission  parameters. 

9.  A problem  inherent  in  simulation  studios  has  been  the  lack  of  a 
simulated  atmosphere.  This  probably  is  one  of  the  causes  of  the 
disparity  in  the  result*  of  these  studies  with  those  of  flight  or 
fiald  tests. 

10.  A major  problem  with  fiald  tasting  has  been  the  lack  of  a satis- 
factory measurement  of  atmospheric  attenuation  (visibility)  con- 
current with  the  acquisition  runs  or  missions. 

11.  Some  areas  of  TA  have  been  neglected  because  good  techniques  for 
simulation  or  measurement  have  not  yet  been  devised.  Shadows, 
contrast,  and  effects  of  camouflage  and  atmospherics  (hasa,  aneg, 
fog,  etc.)  are  examples  of  this  neglect. 

12.  Some  concepts  such  as  "resolution  element"  need  a better  opnra- 
tional  definition  if  measurement  and  modeling  offeree  are  to 
improve  the  accuracy  of  prediction. 
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13.  The  validity  of  terrain  table  (simulation  must  be  established.  A 
problem  of  concern,  for  example,  is  the  effect  of  two  versus  one 
eyeball  in  terrain  table  work.  This  problem  can  be  decided  once 
the  importance  of  stereoscopic  factors  io  determined  in  viewing 
terrain  tables  at  different  viewing  distances  and  Beales.  Another 
problem  is  the  effect  of  dynamic  versus  static  viewing  and  mission 
simulation,  and  of  fixed  versus  moving  base  simulation.  Once  the 
relative  effects  of  these  factors  arc  determined,  the  validity  of 
terrain  table  simulation  will  be  improved. 

14.  The  apparent  face  validity  of  motion  picture  simulation  requires 
effective  evaluation.  What  are  the  real  requirements  for  viewing 
angles?  Is  use  of  wide  angle  photography  necessary?  How  docs 
resolution  and  MTF  of  the  camera  lens  system  relate  to  TA  perform- 
ance? And  how  does  real  world,  real-time  performance  relate  to 
motion  picture  simulation? 

15.  In  the  area  of  search,  more  work  should  be  performed  on  the  charac- 
teristics of  "good"  searchers  versus  "poor"  and,  on  organized 
trained  search  versus  random.  Definition  of  these  variables  will 
help  to  obtain  a better  model  of  the  search  process  and  hence  of 
prediction.  Also  needed  is  the  effect  of  terrain  background  com- 
pared to  homogeneous  backgrounds  (or  free-field  search).  Finally, 
a reasonable,  well  validated  mathematical  model  of  visual  search 

is  required. 

16.  The  "fudge"  factors  used  to  bring  the  laboratory  data  on  contrast 
thresholds  into  the  operational  acquisition  realm  are  baaed  on  in- 
adequate data  and  hypothesis.  Thoy  need  to  be  validated  by  proper 
simulation  or  field  study  using  realistic  scenic  backgrounds  and 
task  conditions. 

17.  Although  there  is  a plethora  of  mathematical  models,  no  one  model 
has  the  answer  to  the  target  acquisition  prediction  problem.  More 
work  needs  to  be  done  in  validating  them  and  finding  out  where 
they  can  be  best  applied.  The  answer  to  this  problem  may  lie  in 
validating  submodels  rather  than  the  entire  process. 

18.  The  MTF  approach  is  a concept  entirely  useful  to  engineers,  psychol- 
ogists, physicists,  and  meteorologists.  Thi3  approach  merits  ex- 
panding and  further  development  into  e systems  concept. 

The  foregoing  discussion  notwithstanding,  there  are  many  positive  fac- 
tors that  can  be  gleaned  from  the  TA  studios.  The  remainder  of  the  chapter 
will  discuss  these  findings  end  their  implications.  As  in  any  summary, 
simplifications  may  not  satisfy  the  specialist.  What  is  obvious  to  one 
individual  may  not  b*  so  to  another.  The  responsibility  for  deletion  or 
inclusion  is  the  authors'. 


7.2  AppH  cat  Iona 


The  parameters  outlined  in  Figure  1-2  will  be  noted  and  the  effects 
the  factors  may  have  will  be  cited  at)}  1)  design  recommendations,  of  interest 
primarily  to  the  systems  engineer,  2)  operational  implications,  of  interest 
primarily  to  military  operations  personnel,  and  3)  research  required,  of 
interest  primarily  to  scientists. 

What  is  important  for  one  of  these  three  areas  may  not  necessarily  be 
important  for  anocher.  Further,  the  diversity  of  results  between  labora- 
tory research,  simulation  studies,  and  field  tests  makes  it  hard  to  develop 
quantitative  summaries  of  TA  data.  It  is  possible  to  make  certain  qualita- 
tive summaries  which  are  supported  by  the  data.  In  many  cases,  however,, 
these  statements  appear  to  be  mere  elaborations  of  the  obvious.  Uherever 
reasonable  a qualitative  approach  has  been  taken,  recognising  that  this 
approach,  while  scientifically  "incorrect,"  is  pragrataatically  "necessary." 
Engineers  and  operators  need  answers;  researchers  want  more  time  to  study 
the  problem.  The  following  are  logical  extrapolations  based  upon  data  devel- 
oped in  previous  chapters. 

7.2.1  Target  Background  Parameters 

7. 2. 1.1  Design  Recommendations 

1.  Optimize  the  system  design  for  a class  or  type  of  target.  A system 
for  acquiring  air  fields  is  useless  for  finding  tanks,  for  example. 

2.  Provide  at  least  5 arc  minutes  visual  angle  for  reliable  target 
detection.  Hie  crucial  size  of  a target  is  minimum  visual  angle 
at  the  eyeball  of  the  observer;  the  ledger  object  is  acquired 
first. 

3.  Provide  at  least  10  arc  minutes  visual  angle  (30  desired)  at  the 
eye,  if  che  observer  is  required  to  reliably  recognize  or  identify 

a target.  The  task  of  identifying  a target  depends  upon  the  ability 
to  determine  differences  in  shape  and  other  detail  about  the  target. 

4.  Provide  at  least  20  percent  apparent  target-to-background  contrast 
at  the  eye  of  the  observer  for  target  acquisition.  Above  about  35 
percent  apparent  contrast,  there  is  littie  improvement  in  TA  per- 
formance. The  absolute  practical  minimum  threshold  is  5 percent 
contrast. 

5.  If  a trade  is  required,  first  maximize  for  contrast,  then  size,  and 
finally  shape. 

6.  Designing  to  use  natural  color  is  unnecessary.  Datura!  color,  either 
in  direct  view  or  on  television,  is  a relatively  unimportant  aid  to 
finding  targets.  An  exception  is  intensely  saturated  hues  on  a 
homogeneous  background. 


I;- 

ir 

f _ 

r 


7.  A TA  system  which  provides  the  observer  with  a rcliuble  cue  as  to 
where  to  look  is  preferred,  perhaps  oven  necessary.  Almost  any 
cueing  device  ■-  motion  detector,  spectral  analyzer,  laser  spot 
seeker,  relative  aircraft  to  target  predictive  information  - will 
significantly  improve  target  acquisition  capability. 


7.2. 1.2  Operational  Implications 


1.  Targets  are  part  of  a complex  of  target  and  background.  The  back- 
ground is  ae  important  in  helping  acquire  targets  as  the  target. 

Thus  a target  which  is  distinguishable  from  the  background  is  easiest 
to  find. 


2.  Use  distinctive  features  to  help  locate  a target.  If  the  target  is 
not  conspicuous,  then  other  objects  near  it  may  be  located  and  the 
target  related  to  these  objects. 

3.  Things  that  make  an  object  stand  out  include: 

a.  Differences  in  type,  e.g.,  tanks  are  obvious  in  a group  of 
trucks. 


b.  Size;  obviously  big  objects  are  easier  to  find  than  small. 
Small  size  objects  (below  5 arc  minutes  at  the  eye)  will  be 
I acquired  only  if  they  have  high  contrast  with  the  background. 

j c.  Shape,  man  made  or  straight  lines  stand  out  in  natural  back- 

• grounds.  Distinctive  ehape  is  an  aid  in  acquisition.  Shape 

) la  less  important  than  contrast  or  size. 

f 

r d.  Luminance  contrast;  bright  objects  are  easiest  to  see  - the 

practical  lower  limit  for  contrast  at  the  eye  is  5 percent. 
Objects  much  below  7.0  percent  contrast  ere  not  usually 
acquired.  If  it  is  necessary  to  find  a low  contrast  object, 

> then  sufficient  titae  to  search  (up  to  one  minute  or  more)  must 

be  provided. 

k ”^k  4.  Color  is  not  very  important  except  for  unusually  highly  saturated 

or  brilliant  colors. 


5.  Moving  targets  are  easier  to  acquire.  Relative  motion  of  the  tar- 
get is  not  as  important,  however,  as  are  the  cues  the  motion  pro- 
vides, e.g.,  dust,  ship  wake,  changing  contrast  of  the  moving  tar- 
get with  its  background. 

6.  Shadow  provides  a change  in  the  relative  shape  end  contrast  of  the 
object,  thus  effects  of  ehadow  are  differential,  depending  upon 
the- target-background  complex.  In  open  ereta  shadow  generally  is 
an  aid;  in  cluttered  areas  (trees,  buildings)  shadow  is  confusing. 
In  hilly  terrain  shadow  acts  to  hide  targets. 
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7.  Terrain  and  vegetation  act  to  mask  targets.  In  rough  terrain  and/ 
or  heavily  vegetated  areas  the  time  that  the  target  is  unmasked  from 
view  can  severely  limit  search  time.  If  a target  is  masked 
repeated  passes  may  be  necessary  to  accurately  locate  it. 

8.  Objects  of  similar  size,  shape  and/or  contrast  to  the  target  in  the 
area  around  the  target  act  as  clutter.  The  practical  limits  to  a 
cluttered  area  is  about  four  diameters  in  size  relative  to  the  tar- 
get size.  Allow  up  to  ten  times  the  normal  search  time  (see  1 .2,5.2) 
to  acquire  a target  in  a cluttered  area. 

9.  Cues  to  target  location  in  the  backgrou  d aid  in  acquiring  targets 
by  directing  the  observers'  attention  &'  to  where  to  look..  Good 
natural  cues  Include: 

a.  Linear  objects  - roads,  railroads,  rivers,  - and  natural  inter- 
sections of  linear  objects  such  as  road-rail  and  road-river 
crossing,  ridge  lines,  tree  line,  etc. 

b.  Homogeneous  spaces  in  which  no  target  of  a specified  type  is 
expected,  such  as  open  fields,  lakes,  solid  forested  areas,  etc, 

c.  Large  objects,  usually  with  high  contrast  or  regular  shape  such 
an  warehouse  buildings,  farm  buildings,  storuge  tanks,  air- 
fields, etc. 

d.  Numbers  of  target  objects,  a group  of  vehicles,  three  or  more, 
is  more  easily  acquired  than  one  or  two. 

7,2, 1.3  Research  Required 

1.  Optical  characteristics  of  targets  and  backgrounds  should  be  spec- 
ified, measured  and  catalogued. 

2.  A simple,  practical  method  of  directly  reassuring  apparent  target 
to  background  contrast  in  real  time  from  the  aircraft  io  needed. 

3.  A standardized  definition  of  contrast  is  required. 

4.  Determine  how  ouch  of  the  background  area  contributes  to  contrast 
with  the  target. 

5.  Develop  art  operational  classification  of  terrain-vagetation- 
background  types.  Then  develop  standard  visual  target  acquisition 
search  time  and  acquisition  rang*  data  for  each  claacification, 

6.  Develop  effective  operational  measures  of  clutter  and  the  effective 
practical  size  of  & "cluttered"  area  as  related  to  target  size! 

7.  Effects  of  camouflage  have  not  been  reported.  More  information  and 
data  are  required. 


8.  Study  the  effects  of  shadows  on  target  acquisition,  i.e.,  when 
shadows  help  and  when  shadows  hinder. 

9.  Develop  a single  operationally  practical  mathematical  dcocription 
of  the  target -background  complex  and/or  context. 


7.2.2  Aircraft  karatneters 


7. 2. 2.1 


Recommendations 


1.  Obviously,  optimize  the  aircraft  censor-observer  combination  for 
the  target  acquisition  ta3k  at  hand.,  Personnel,  for  example,  are 
not  reliably  visually  acquired  at  altitudes  above  600  meters. 


2.  For  visual  cargcC  acquisition  provide  maximum  practical  viewing 
and  look-down  angles. 


3.  Cood  navigation  accuracy  usually  means  better  target  acquisition. 
Provide  a means  of  accurate  aircraft  location  up  to  date  in  real 
time. 


4.  Two  observers  are  better  than  one;  however,  the  two  observers  will 
find  up  to  only  40  percent  more  targets,  not  twice  as  many  ae  one 
observer. 


7. 2.2.2  Operational  Implications 


1.  There  is  an  optimum  altitude  for  target  acquisition  depending  upon 
target  size  and  atmospheric  visibility.  "Under  best  conditions  of 
visibility  it  is  on  the  order  of  250  times  the  linear  size  of  the 
object  being  sought;  under  the  worst  conditions  of  visibility,  it 
ia  on  the  order  of  30  times  the  size  of  the  object  being  sought." 
(Boynton  in  Morris  and  Horne,  "Visual  Search  Techniques,"  I960, 

р.  238). 

2.  The  slant  range  at  which  a target  ia  first  visible  should  bo  cal- 
culated. Detailed  search  for  that  tf.rgct  before  the  caxitaua 
available  renge  is  unnecessary.  The  maximum  visible  slant  range 
depends  upon,  at  least! 

a.  Relative  target  si2e;  allow  at  least  2 arc  tainutoa  at  the  eye- 
ball for  maximum  possible  detect ioa  ranges. 

b.  Atmospheric  visibility. 

с.  Target  unmask  at  altitude. 

3.  Aircraft  speed  affects  search  time.  For  targat  acquisition  choose 
the  slowest  practical  speed  from  the  time  the  target  is  theorati- 
cally  visible. 
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4.  Heluct  routes  of  approach  to  minimize  target  offline  from  the  air- 
erult  (obuwrvera* ) moat  direct  line  view  of  thu  target.  Good 
navi  gat Icmul  accuracy  should  minimize  target  offset. 

5.  iinluct  routoe  of  approach  to  maximize  target  exposure  time  to 

tho  olmorvor.  If  tiio  target  must  bo  maukod  or  hidden  ao  that  only 
minimum  target  exposure  time  is  availablo,  provido  brioflng,  ravi- 
giUinn  and  cueing  aide  to  eld  the  observer  in  where  mid  when  to 
look.  Under  even  these  ideal  conditions  (i>e.|  knowing  exactly 
when  and  where  to  look)  the  target  must  ba  exposed  for  at  least  3 
seconds  I at  least  10  seconds  is  preferred  for  reliable  acquisition 
(better  than  0,50  probability). 

6.  Kor  the  task  of  visually  acquiring  targets  Che  aircraft  providing 
b«Mt  forward  and  look-down  visibility  is  preferred,  in  general, 
observation  from  the  front  or  forward  scat  is  best  for  target 
acquisition. 

7.  If  practical,  providing  more  than  one  observer  will  improve  total 
target  acquisition  probability  by  up  to  40  percent  per  observer, 
when  observers  search  the  same  area. 

8.  Moving  targets  are  (slightly)  easier  to  find  than  static  ones. 

7 . 2 . 2 . 1 Research  Required 

1.  Tha  lioynton  hypothesis  regarding  altitude  (7. 2, 2. 2)  needs  opera- 
tional verification, 

2.  The  interactions  of  altitude,  range,  speed,  nnd  offset  require  more 
piracies  mathematical  description.  It  is  probable  that  these  are 
not  simple  additive,  geometric  relationships  but  nro  ut  best  repre- 
sented by  some  polynomial  function. 

3.  Validate  the  Dugas  and  Petersen  (1971)  laboratory  study  on  target 
motion  in  terrain  oimulator  and/or  field  test,  Ac  the  flame  time 
verify  the  Erickson  (1965)  theory  regarding  relative  motion. 

7.2.3  Environmental  Parameters 

7. 2. 3.1  Design  Recommendations 

1.  Develop  end  test  new  devices  for  characterising  ‘-he  environmental 
characteristics  pertinent  to  TA,  devices  such  us  trunemissoraeters, 
optical  attenuation  measuring  devices,  optical  scattering  and 
absorption  measuring  equipment.  These  devices  should  relate  to 
tha  atmospheric  characteristics  which  determine  TA  olent  ranges 
end  probabilities. 

2.  Develop  better  map  making  techniques  and  vloual  aids  which  can  be 
used  to  acquaint  the  observer  with  the  characfcorintica  of  the 
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ground;  assist  In  orienting  him  relative  to  major  landmarks.  These 
can  be  used  to  improve  briefing  materials  and  the  process  of  brief- 
ing observers  so  that  the  observer  can  better  pinpoint  target  loca- 
tions. These  might  include  better  perspective  oblique  photographs 
or  artists'  conceptions  of  areas  where  masking  may  be  a problem, 
possible  shadow  effects,  etc. 

3.  Develop  automatic  (computer-aided)  TA  equipment  which  will  assist 
the  observer  possibly  by  using  an  MTF  approach,  by  eliminating 
unlikely  areas  to  be  searched,  by  acting  us  a memory  aid,  or  by 
information  processing  techniques. 

4.  Develop  better  methods  of  simulating  atmospheric  degradation  effects 
for  improving  our  abilities  to  simulate  real-world  atmospheric  and 
climatological  conditions.  These  methods  may  be  extensions  of 
aerosol  chambers  or  by  KTF  control  and  simulation  by  filters,  etc. 

5.  Develop  methods  and  hardware  for  "unburdening"  the  pilot-observer 
so  that  he  may  devote  more  tima  to  searching  for  targets  and  less 
to  system  monitoring  and  control  of  acquisition  equipment,  flight- 
control  or  navigational  subsystems. 

6.  In  flare  design,  provide  consideration  of  the  amount  of  illumina- 
tion that  can  be  used  by  the  observer,  maximiea  bum  tima  end 
spectral  characteristics,  and  minimise  glare. 

7.  Continue  to  develop  low-light  or  night-time  techniques  and  equip- 
ment as  aids  to  direct  visual  search,  Continue  to  develop  wide- 
angle  optics  for  search  end  zoom-optics  for  rocognition/identifica- 
tlon  aids. 

7.2. 3.2  Operational  Implications 

1.  Adjust  operational  search  and  raioeion  plana  to  the  type  of  terrain 
being  searched  so  that  available  search  time  is  maximized,  i.e., 
select  search  plan  to  be  flown,  search  altitude  and  flight  opeed 
so  that  masking  of  terrain  and  of  aircraft  is  minimized.  These 
search  plans  should  of  course  take  Into  consideration  the  possible 
counter-ourvaillancc  measures  available*  to  the  enemy  where  these 
are  known. 

2.  Adjust  mission  or  search  plan  or  tins  of  Gearch  to  obtain  sun  or 
illuminanfc  angles  which  provide  tho  highest  probabilities  of 
detecting  targets.  Fut  the  sun  "at  your  beck"  if  possible  and 
put  the  flara  in  back  of  the  expected  cmeray  position. 

3.  Teach  pilots  and  observers  how  best  to  ocarch  for  targets  in  dif- 
ferent terrain,  likely  target  areas,  scanning  patterns,  cues  to 
target  location  search.  Develop  ability  of  search  personnel  to 


react  to  cues  which  indicate  target:  man-made  fcaturou,  tracks, 

dust,  amoko,  foliage  changes,  etc,  Teach  observer*  to  "narrow" 
suarclt  by  ignoring  clutter  by  use  of  lobe  concepts  or  by  visual 
aida  such  as  tachiotoscopes , apertures,  otc, 

4.  Teach  pilots  what  to  expect  in  the  way  of  target  masking,  effect 
of  Illumination,  shadows,  type  of  terrain,  atmospheric  conditions, 
etc.  This  may  be  done  with  the  assistance  of  training  aids,  simu- 
lation, or  by  acquiring  an  extonsive  set  of  photographs  with  vary- 
ing terrain  type,  clutter,  and  atmospheric  conditions.  These 
photographs  could  be  related  to  particular  terrain  areas  in  which 
the  pilots  will  operate  end  to  visibility,  climatology,  cloud  con- 
ditions, and  atmosphoric  condition  (haze,  fog,  smog,  etc.). 

5.  Apply  tests  for  selecting  "good"  or  talented  target  acquisition 
personnel  such  as  tho  embedded  figures  tests. 

7.2. 3.3  Research  Requlrenanta 

1.  Improve  the  models  relating  to  masking,  atmospheric  conditions,  and 
clutter  so  that  mathematical  models  predict  better  the  results  of 
field  tests. 

2.  Improve  simulation  capability  by  invaotigeting  the  methods  of  simu- 
lating atmospheric  conditions  by  means  of  aerosol  chambers,  MTF 
manipulation  or  filters, 

3.  Determine  the  effect  of  glare  and  sun  angle  on  target  acquioition 
slant  range  and  probability. 

4.  Furthar  lnveotlgate  the  affects  of  shadows  on  TA  copnbility  with 
various  typec  of  terrain  and  atmosphoric  conditions. 

5.  Investigate  different  methods  of  camouflaging  targets  and  other 
countorsurveillonce  techniques, 

6.  Develop  "cueing"  techniques  to  aseiet  observers  using  helnat- 
mounted  displays  or  heads-up  displays. 

7.  Develop  better  atmospheric  instrumentation  techniques  and  atmos- 
pheric modeling. 

8.  Improve  and  validate  "field  factors"  which  allow  bettor  use  of 

laboratory  threshold  date  and  better  application  and  hence  refine- 
ment of  our  predictive  and  analytic  techniques  relative  to  field 
conditions:  Instructions,  training,  clutter,  terrain  masking, 

and  atmosphoric  conditions. 


7.2.4  Sensor- Display  Parameters 


7 . 2 . 4 . 1 Image  System  Characteristics  Design  Requirements 

1.  A cockpit-mounted  display  should  subtend  at  least  9 degrees  at  the 
eye  of  the  observer  for  optimum  viewing. 

2.  Viewing  distance  should  be  maintained  as  close  to  14  Indies  as 
possible  when  a cockpit  mounted  display  is  used  to  detect  targets. 

3.  Signal  to  noise  on  the  display  should  be  at  least  1.8:1  (between 
16  and  25  dE).  The  highest  SNRj)j  possible  should  be  provided  the 
observer  at  cno  display. 

4.  MTFA  (Modulation  Transfer  Function  Area)  should  be  maximized  to 
obtain  the  highest  image  quality  obtainable. 

5.  Display  contrast  should  be  maintained  at  a medium  level  (8:1)  for 
most  TA  applications,  but  should  be  adjustable  by  Che  observer. 

6.  At  least  7 shades  of  gray  should  be  obtainable  at  the  display  of 
the  terrain  if  possible;  10  should  be  the  design  goal. 

7.  Ambient  display  illumination  should  be  optimized  without  glare  or 
reflection  from  the  display  surface. 

8.  Vertical  and  horizontal  resolution  should  be  comparable  (equal). 

9.  As  many  TV  lines  across  the  target  at  the  expected  detection/rccog- 
nition  range  as  possible  should  be  provided,  at  least  2 for  detec- 
tion and  8 for  recognition  and  12  for  identification  are  t.’io 
absolute  minimum;  double  these  numbers  if  desired. 


10.  Sensor  field  of  view  should  be  adjusted  to  the  primary  tasks  that 
the  imaging  syatem  is  expected  to  perform:  a small  FOV,  1 to  5 

degress  for  racognition/identification,  and  a larger  FOV,  5 to  30 
degrees  for  detection.  Although  a dual  FOV  is  recommended  for  a TA 
syatem  expected  to  perform  both  detection  and  recognition/identifi- 
cation,  a ntep  or  zoom  or  adjustable  FOV  eystem  might  be  wore 
adaptable  albeit  more  expensive  and  should  be  considered  via  a sys- 
tem effectiveness  tradeoff  analysis.  If  practical,  step  adjustment 
is  as  effective  for  observer. uoe  as  la  zoom. 


11.  Combined  dioploys  are  recommended  using  multiple  sensors  and  an 
overlay  typo  of  combined  display. 

12.  Display  parameters  should  be  optimized  for  the  mission  to  be  per- 
formed by  the  system:  frame  rate,  bandwidth. 

13.  Every  effort  should  be  made  to  make  the  raster  invisible  or  et 
leeet  lees  visible  than  present  systems.  This  can  be  done  by  spot 
wobble  or  by  other  techniques. 
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14.  Whurever  possible,  systems  should  bo  tested  In  actual  TA  tests 
during  development  or  at  least  prior  to  system  acquisition, 
l-aborntory  teats  are  too  abstract  and  it  is  difficult  to  simulate 
actual  conditions  of  flight. 

15.  Image  enhancement  techniques  such  as  edge  sharpening  or  optical 
filtering  should  be  used  including  gamma  correction,  contrast 
stretch,  edge  differentiation  and  muitiple-uensor  and  multiple 
spectral  bandwidth  techniques. 

16.  Wherever  possible,  the  display  should' be  isomorphic  with  an  out- 
the-windew  view  of  the  terruin  so  as  to  avoid  problema  of  direct 
visual/display  visual  transfer  and  to  avoid  disorientation  effects 
such  as  scene  rot:. ion,  disorientation,  dizziness  (vertigo)  or  air- 
sickness. Gimbal  arrangement  or  sonsor  control  mechanisms  or  dis- 
play techniques  should  be  used  wherevor  possible  to  provide 
stability  of  display  and  the  required  isomorphism. 

17.  The  display  and  the  pilot  should  be  shock  mounted  or  otherwine  Iso- 
lated from  aircraft  vibration  forces  wherever  possible.  This  is 
particularly  important  in  helicopter  systems,  as  a predesignation 
technique  (against  fixed  targets  whose  position  is  known). 

13.  Where  missions  are  to  be  flown  at  low  altitude,  high  Bpeed  or  both, 
provide  display  freeze  to  allow  the  nocesaary  tinvj  to  acquire  the 
target,  by  preventing  blur  from  wiping  out  usable  resolution  on  the 
display.  Give  the  "freeze  mode"  to  the  operator  as  an  operational 
option. 

19.  Provide  cockpit  Illumination  control  so  that  the  pilot  or  observer 
can  adjust  the  ambient  illumination  to  provide  the  moot  comfortable 
display,  seeing  fatigue-less  viewing  conditions. 

20.  Unburden  the  pilot  or  operator  so  that  he  can  spend  the  maximum 
amount  of  time  searching  for  targets  on  his  display. 

21.  Aa  an  absolute  minimum,  at  leaot  10  seconds  of  search  time  should 
ba  provided  by  the  TA  system  (target  travel  from  top  of  display  to 
bottom)  for  non-cued  targets,  and  at  least  3 seconds  should  bo 
provided  for  weil-cuad  target  detoction/recognition.  Triple  those 
values  is  desired. 

22.  Displayed  imno«  motion  should  not  exceed  20  degrees  per  nocondi  10 
degrees  per  aecond  is  preferred  hb  a bettor  maximum  rata  of  motion. 

7. 2. 4. 2 Operational  Significance  of  Image  Byntam  Charactotintica 

1.  Missions  should  be  planned  around  the  optimum  capability  of  the 
sensorAfleplay  with  regard  to  altitude,  upend,  eearch  pattern  ao  as 
to  maximize  the  probability  of  detecting  targets. 
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2.  Operator#  should  be  carefully  trained  In  the  operation  of  the  TA 
8yotc.n  so  u«  to  know  its  shortcoming*  and  advantages  with  regard  to 
target  also,  contrast,  etc.,  interactions  with  display  characteris- 
tics, and  tnisuion  parameters  (speed,  altitude,  soarch  pattern). 

3.  Operators  should  bo  trained  in  "peaking,"  i.e.,  adjusting  the  sen- 
sor and  display  controls  for  optimum  display  capability  and  highest 
probability  of  detcction/recognltion.  This  includes  netting  of 
contrast,  illumination  levels,  focusing,  etc.  They  should  be 
trained  in  display  scanning  technique*  so  rb  to  maximize  early 
detection  and  reduce  the  number  of  lout  targets  to  a minimum. 

4.  Mission  plans  should  not  exceed  maximum  V/H  of  the  TA  system  or  dis- 
play blur  will  make  the  display  virtually  unusable. 

5.  Excessive  vibration  of  the  oper&tor/dieplay  should  be  avoided  where 
possible;  this  means  avoiding  excessive  turbulence  or  adverse 
weather  conditions,  or  postponing  search  missions  to  n more  favor- 
able time  (again  if  operational  conditions  permit)  or  selecting  a 
different  speed/altitude  combination. 

6.  Operator#  should  be  trained  to  select  FOV  (if  the  system  has  this 
capability)  most  favorable  to  TA  depending  upon  flight  parameters 
and  targets  being  sought, 

7.  Operators  should  hold  their  viewing  distance  to  the  optimum  (14 
inchas)  whore  possible  in  order  to  maximize  the  resolution  proper- 
ties of  the  eye. 


7.2. 4. 3 Research  Recommendations 


1.  Additional  research  its  needed  in  the  utility  as  summary  variables 
of  HrPA  and  SNRgj,  In  particular  these  summary  variables  ahouid 
be  correlated  with  the  results  of  flold  testing  and  simulation, 
i.e.,  with  performance  variables  such  as  slant  rangoo  at  detection/ 
recognition  and  with  tha  number  of  targets  not  found. 

2.  Interaction  effects  between  display  variable*  of  contrast,  shade  of 
gray  and  ambient  illumination  ahouid  be  determined  as  factoro  in  TA 
dependent  variable  determination. 

3.  Batter  methods  of  determining  and  measuring  MTFA  end  SNKj)]  ahouid 
be  doViuad  bo  that  they  can  be  standardized  and  made  routine  in 
research  and  tooting. 

4.  Additional  research  ia  needed  in  th*  area  of  disploy  enhancement , 
eithor  of  Che  edge  or  detail  sharpening  kind,  or  of  reulti-spectral 
or  multi-nenaor  analysis.  The  sffocto  of  gamma  alteration  and  of 
optical  filtering  need  further  work. 

• 

5.  Work  is  needed  on  the  interactive  effect  of  contrast  (display), 
signal  to  noice  ratio  and  shades  of  gray. 
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6.  The  interactive  effect  of  horizontal  ami  vortical  resolution  should 
be  investigated,  A study  of  this  nature  should  also  investigate 
further  tho  effects  ol  raster  orientation,  display  aspect  ratio, 
bandwidth,  and  limiting  resolution. 

7.  The  effects  of  target  angular  subtense  with  resolution,  scene 
complexity,  both  display  and  target  contrast,  and  signal  to  noise, 
and  ambient  illumination,  should  be  determined. 

8.  The  Interaction  of  display  size,  viewing  distance,  and  display 
resolution  needs  further  work. 

9.  The  effects  of  sensor  FOV  on  TA  and  its  interaction  with  mission 
parameters  and  task  requirements  need  additional  research  to 
determine  optimum  values. 

10.  Studies  to  determine  the  interaction  among  number  of  TV  lines  sub** 
tending  the  target,  system  spot  size,  resolution,  target  angular 
subtense,  signal  to  noise  ratio  and  aaarch  time  are  also  needed. 

11.  The  interaction  of  frame  rate  with  bandwidth  and  other  scanning 
system  parameters  needs  to  be  investigated  further. 

12.  The  effects  of  scene  clutter  on  the  search  time  requirements 
should  be  determined  when  scanning  a dynamic  display, 

13.  The  effects  of  visibility  conditions  on  displayed  contrast  should 
also  be  determined  and  hence  its  effects  on  TA  performance. 

1A.  The  effect  of  rate  of  image  motion  on  the  display  on  TA  needs  to 
be  determined  more  accurately  with  regard  to  task  variables  and 
mission  and  display  conditions. 

15.  Additional  reeeurch  on  the  effects  of  display  freeze  on  TA  perform- 
ance would  be  desirable, 

16.  Helmet-mounted  and  haads-up  displays  for  TA  cueing  should  be  in- 
vestigated. 

17.  Tho  efficacy  of  zoom  optics  over  fixed-optic#  should  be  further 
investigated. 

18.  The  effect  of  briefing  aids  and  techniques  on  TA  needs  to  be 
further  investigated  along  with  the  effect  of  training  level  of 
observer  when  using  the  display. 

19.  The  effect  of  sensor  search  pattern  on  TA  needs  to  be  determined. 

In  the  case  where  the  sensor  is  forward-looking,  the  effect  of 
down-look  angle  on  TA  needi  to  be  determined, 

20.  Hew  types  of  displays  such  ae  plasma,  charge-coupled  devices, 
etc.,  need  to  be  developed  and  tested  for  application  to  the 
TA  probleta(o) . 


21.  Thu  affect  of  observer  •.ariablcs  on  TA  needs  to  be  explored.  Tills 
research  would  determine  whether  the  ua«  of  displays  is  dopundent 
upon  visual  search,  training,  and/or  visual  capability.  Individual 
differences  as  determined  by  tests  such  as  the  Embedded  Figures 
Test,  form  discrimination  testa,  etc.,  would  be  correlated  with 
scores  on  TA  tests  in  a simulator  or  from  photographic  protocols 
as  they  relate  to  real  time,  dynamic  displays  used  in  target 
acquisition. 

7.2.5  Observer  Parameters 

7. 2. 5.1  Design  Recommendations 

1.  Where  possible,  locate  prospective  targets  in  the  center  of  the 
observers'  natural  field  of  view,  at  or  near  the  center  of  display 
or  viewing  area.  Targets  more  than  a few  degrees  off  the  axis  of 
vision  will  not  be  rapidly  acquired  unless  they  are  cued  in  some 
manner. 

2.  Only  targets  inside  a practical  two  degree  cone  of  foveel  vision 
will  be  reliably,  rapidly  acquired. 

3.  Recognize  that  the  observer  fixates  on  a spot  from  0.2  to  over  1 
second,  with  a modal  value  of  0.33  second.  Effective  detection 
requires  at  least  that  long  if  the  observer  is  looking  directly  at 
the  point.  Actual  acquisition  time  is  much  longer  (see  4.  below). 

4.  Design  the  system  to  allow  adequate  search  timu.  Modal  uaarch  time 
to  find  a target  in  a pre-briefed  area  is  about  25  seconds}  targets 
not  found  after  45  oecondo  search  will  probably  not  be  found. 

5.  "Training"  will  not  necessarily  make  a poor  system  work.  Trained, 
experienced  observers  are  not.  always  batter  at  finding  targeta 
rapidly;  they  are,  however,  less  variable. 

6.  Limit  the  additional  tasks  required  of  an  observer  whilo  ha  is 
searching.  The  observer  chould  search  for  end  acquire  targots 
with  as  little  else  to  do  as  practical. 

7.  Provide  cueing  aids  as  an  intograi  pert  of  the  target  acquisition 
system.  Cueing  devices  significantly  improve  target  acquisition 
capability,  either  by  direct  vision  or  when  searching  a display. 

7 . 2 . 5 . 2 Ope  rat  tonal, .Imp  1 1 cat  1 ons 

1.  Select  aa  observers  those  individuals  who  have  the  bast  csaaaured 
peripheral  acuity. 

2.  Train  observers  to  search  in  a methodical,  standard  pattern. 
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u.  For  detection;  if  the  aircraft  design  allows  it,  focua  on  the 
far  horizon,  ulowly  search  back  along  the  line  of  flight,  then 
focus  ahead  on  the  horizon  and  repeat. 

b.  For  recognition;  when  a uuspeeued  target  is  detected  concen- 
trate foveal  vision  on  the  area  and  X1b  surrounding  content. 
Several  secondts  of  concentrated  search  about  an  a tea  are  worth 
minutes  of  random  search  patterns. 

3.  Provide  observers  with  as  natch  specific  experience  about  on  area 
ns  possible.  In  most  cases  knowledge  about  an  area  is>  at  least  m 
important,  as  generalized  target  acquisition  training. 

4.  Train  observers  in  how  to  search  and  in  what;  to  search  for.  Geo* 
graphic  arena  of  the  world  hove  different  "target-background 
complex"  relationships.  Specific  knowledge  about  the  «ro a » £ 
operations  significantly  improves  target  acquisition  performance, 

5.  "Hood"  navigation  to  the  target  area  makes  for  "good"  target 
acquisition.  Train  observers  in  effective  navigation  as  veil  as 
finding  targets, 

6.  Whenever  possible  use  as  observers  those  who  vast  to  bo  observers 
and  who  believe  that  they  are  good  at  it. 

7.  When  searching  for  and  acquiring  targets  the  observer  should  have 
no  other  task.  Target  acquisition  is  a full  time  job, 

3.  The  one  most  important  thing  that  will  help  ensure  t ergot  acquisi- 
tion  is  effective  prefer ief ins  about  the  target  and  the  * » <■:  area 
complex.  The  word  briefing  aatarials  simulate  the  actual  ’ ;*"got 
approach,  the  better  will  ho  the  target  acquisition. 

a,  Plan  approach  routes  to  give  ma.xiw.ua  view  of  tha  target, 

b,  Provide  oblique  photographs  or  wksschcss  that  "view"  the  target 
and  target  arcs  complex  from  the  »«k«  angles  aa  th»  planned 
approach  routs, 

c,  Require  thorough  sap  and/or  photograph  study  bafors  each 
flight. 

d,  Tail  l the  ofesorvar  "what  to  loos  for"  in  a.a  jo®ch  datell  so 
possible.  Contrast,  size,  shape  and  context  of  the  torgefc  in 
its  background  are  impart *>u. 

s,  Provide  ioforivaUor*  about  tho  ova  tall  fsrget  area  aa  well, 
Knowing  whssrs  so  look  is  a a import  ant  «s  knowing  what  to  look 
for# 

{,  Provide  information,  on  when  to  look. 
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g.  Provide  enough  tine  to  look..  Even  if  the  observer  knows  what, 
when,  and  where  the  target  la  located,  experimental  data  show 
an  average  of  20  to  AO  seconds  is  needed  to  find  a target  from 
the  time  first  possible  to  acquire  it. 

Use  any  possible  cueing  and/or  navigation  aids  provided  by  the 
system. 


7 . 2 . 5 . 3 Research  Required 

1.  What  is  the  relationship  between  eye  fixation  and  operational  tar- 
get acquisition?  What  normal  patterns  of  eye  fixation  ere  related 
to  those  who  are  effective  at  acquiring  targets?  Can  eye  fixation 
patterns  or  rates  be  used  as  a selection  method  for  observers? 

2.  is  peripheral  viauai  acuity  important  in  operational  target 
acquisition? 


’ i 


vV  * * 

V' 


1. 


3.  What  characterizes  the  most  effective  target  acquisition  search 
strategies? 

4.  What  are  the  best  training  methods  for  target  acquisition?  Can 
effective  patterns  of  oearch  be  taught  and  retained? 

5.  how  can  observers  be  motivated  to  perform  well,  end  personally 
feci  a sense  of  competence  at  the  toak? 

6.  Are  there  any  personal  differences  between  observers  that  con  be 
reliably  evaluated  end  used  es  prospective  selection  devices? 

7.  When  doe*  operationally  relevant  task  loading  begin  to  interfere 
with  target  acquisition  performance?  What  typos  of  operational 
tasks  are  competitive  with  target  acquisition? 

8.  What  natural  cu«m  should  b«  amphaeitad  in  preparing  pre-briofing 
materials? 

3.  How  effective  are  artificial  cueing  aids?  What  typos  of  cueing 
are  best?  What,  and  how,  should  cuaing  data  be  presented  to  the 
operator? 


10,  How  doas  knowludge  of  the  terrain  and  the  target  area  affect  the 
probability  of  target  acquisition? 

it.  Is  the  concept  of  modulation  transfer  function  of  th«  human  visual 
system  a viable  one  for  predicting  and  modeling  target  acquisition 
.performance?  in  the  direct  visual  ceaa?  When  observing  roal- 
tlma  typa  displays? 

12,  Can  sign*!  d'Hflction/dacitiion  theory  concepts  be  effectively 
applied  to  target  acquisition  models  and  tasks? 


V 
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7 . 3 Access  to  the  Literature 

The  bibliography  of  this  source  book  represents  the  large  majority  of 
the  relevant  work  In  air-to-ground  target  acquisition.  As  a convenience 
and  as  a guide  to  those  who  way  wish  further,  more  detailed  information,  Ap- 
pendix A contains  a set  of  tables  which  provide  a means  of  entry  to  the  data 
represented  in  the  bibliography.  Listed  by  reference  number  in  the  tables 
arc  key  studies,  reports,  and  theoretical  papers  concerned  with  the  param- 
eters noted  as  being  involved  in  target  acquioition.  The  general  outline 
of  topics  as  shown  in  Figure  1-2  was  used  in  preparing  the  tables.  While 
not  all  references  cited  in  the  bibliography  are  listed  in  the  tables,  they 
do  contain  those  reports  that  the  authors  consider  most  pertinent. 

7, A Typical  Target  Acquisition  Results 

The  following  figures  and  tables  are  an  attempt  to  summarise  typical 
target  acquisition  data.  These  charts  must  be  viewed  with  caution.  They 
represent  considerable  "smoothing"  of  the  data.  They  arc  best  estimates 
and  in  many  eases  the  bases  for  them  are  not  stated.  They  are  often  sum- 
maries of  summary  data  as  presented  in  experimental  and  field  test  reports. 
(The  problems  of  field  test  results  and  the  dubious  value  of  the  data  there- 
from have  previously  been  noted.)  Finally,  effects  of  altitude  and  speed 
and  criteria  of  acquisition  are  not  usually  included.  These  are  "best"  data. 

Figure  7-1  is  taken  primarily  from  the  sutmiary  of  field  teBt  data 
by  Bliss  (1965)  and  was  originally  used  in  developing  technical  evaluation 
criteria  for  the  Walleye  weapons  system.  Recently  unclassified,  it  is  of 
historical  as  well  as  technical  interest.  Note  that  the  plotted  general 
distribution  of  target  acquisition  ranges  shown  thereon  does  not  exactly 
correspond  to  the  Gaussian  normal  distribution  usually  assembled  in  most 
mathematical  models.  Is  a change  in  modeling  concepts  indicated? 

Figure  7-/!  is  developed  from  unclassified  data  contained  in  reports  of 
field  tests  conducted  since  1963.  Tills  figure  is  plotted  to  the  same  scale 
used  in  Figure  7-1.  All  data  are  for  flight  altitudes  above  1500  feet.  A 
comparison  of  the  two  io  interesting.  Where  available  from  the  data* 
"recognition"  was  the  criterion. 

Table  7-1  shews  typical  visual  carget  acquioition  ranges  for  several 
targets  as  reported  using  sicwlatore,  both  terrain  model  and  motion  picturo. 
Compare  these  with  the  data  shown  in  the  previous  figures. 

7.5  Concluding  Note 

Recently  a colleague  reached  the  following  conclusion:  "After  reading 

all  about  target  acquisition  i have  decided  that  the  only  euro  way  to 
acquire  a target  ic  to  buy  it."  We  need  not  be  that  pessimistic.  But. 
effective  target  acquisition  does  require  much  work  and  more  than  a little 
luck.  Understanding  of  the  problem  ia  taking  a long,  alow,  hard  sffort  on 
the  part  of  many  people  in  many  disciplines.  No  big  breakthrough  is  on  the 
horizon  nor  should  one  be  expected. 
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Figure  7-1.  Average  Visual  Detection  Range  Based  on  Analysis 
of  Test  Data,  (1965) 
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Figure  7-2.  Helicopter  Observer  Field  Tost  Data  Compared  with  Franklin 
and  Whittenburg  Model  Prediction.  Source t HED  TN5-74 
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7 . 6 Example  of  a Good  Technical  Paper 

In  the  course  ot  the  wide-ranging  literature  search  which  wha  conducted 
preparatory  to  assembling  this  source  book,  the  authors  f eviovad  paper#  of  a 
quality  ranging  all  the  way  from  technically  invalid  and  poorly  written,  to 
those  which  are  or  are  destined  to  becoce  standard  TA  reference#. 

One  paper  was  found  which  is  direct,  concise  and  a good  exartple  o(  a 
straightforward  presentation  of  data,  iiince  it 'is  relatively  brief,  it 
was  decided  to  reproduce  the  paper  in  its  entirety,  In  the  hope  that  it  may 
serve  as  a model  to  follow  in  the  reporting  of  study  and  experimental 
results. 

This  paper,  entitled,  "The  Fora  of  VJouel  Detection  Data,"  firat 
appeared  as  a work  . ig  paper  of  the  Target  Acquisition  Working  Group  of  the 
Joint  Technical  Coordinating  Croup  for  Munition*  Ef fectiveneae.  Tho  5>rtn“ 
cipal  investigator  and  prepacer  of  tha  paper  ie  Ronald  A.  Krif-k#on,  Naval 
Weapons  Oonter,  China  Lake,  California.  Tho  paper  Is  to  be  published  os 
a NWC  tfcchnica.',  publication  in  the  near  future?  it  is  reproduced  here  with 
Mr.  Trickfion's  pcrraisissicn. 


THE  FORM  OF  VISUAL  DETECTION  DATA 


By 

Ronald  A.  Erickson 
Naval  Weapons  Center 
China  Lake,  California 


A Working  Paper  of  the 
TARGET  ACQUISITION  WORKING  GROUP 
JTCG/ME  JMEM/AS 


10  August  1972 


THE  FORM  OF  VISUAL  DETECTION  DATA 


INTRODUCTION 


This  working  paper  discusses  some  concepts  of  the  description  of 
visual  detection  performance  by  aircrewmen.  The  methods  of  performance, 
and  the  accuracy  in  describing  this  performance  are  discussed  and  related 
to  the  analysis  required  for  weapon  system  specification.  The  sighting 
of  an  aircraft  has  been  used  as  an  example  in  the  discussion. 


FORMS  OF  TARGET  ACQUISITION  DATA 


MEASURES 


The  measures  used  to  describe  visual  detection  performance  in 
airborne  situations  nre  (a)  range  and  angular  coordinates  of  the  target 
at  detection,  nnd  (b)  probability  of  detection.  The  basic  data  can  be 
generated  experimentally  by  exactly  repeating  a given  situation  a number 
of  times  (same  pilot  and  same  environment).  A distribution  of  the  pilot's 
reports  can  bo  drawn  (Fig.  1)  and  plotted  cumulatively  (Fig.  2). 

The  ranges  shown  in  Fig.  i may  be  detection,  recognition,  or 
identification  rnnRo,  These  words  arc  best  defined  by  a description  of 
the  briefing  given  to  the  pilot.  Example  definitions  follow: 

At  detcction—The  pilot  reports  that  he  seas  an  object  in  the 
air  which  is  not  a meteorological  phenomenon 
(e.g« , clouds) . 

At  recognition—The  pilot  reporta  that  the  object  is  a fixed- 
wing  aircraft. 
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FIG.  1.  Distribution  of  the  Range  at 
Which  an  Aircraft  1b  Sighted  for  a Specific 
Environmental  Situation. 
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the  Distribution  in  Sighting  Ranges  Shown 
in  Fig.  1*  This  figure  is  usually  called 
the  cumulative  percentage  of  detection  range* 
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At  first  idcntif icot ton  level — The  pilot  reportu  that  thu 
aircraft  in  n small  jet, 

At  second  iientif icotlon  level — The  pilot  reports  that  the 
aircraft  ia  an  F-4. 

The  perceptions  aaaociated  with  these  different  kinds  of  reports 
may  be  separated  in  time,  in  range,  or  they  may  occur  simultaneously . 

When  the  report  is  made,  some  level  of  confidence  in  aaaociated  with  it. 
This  level  of  confidence  can  bo  manipulated  to  some  extent  by  the  briefing 
or  by  informal  competition  among  subjects. 


LABORATORY  DATA 

Analysts  frequently  uae  laboratory  data  ns  a basis  for  extrap- 
olation to  the  real  world.  Few  of  them  really  take  a hard  look  at  the 
conditions  under  which  the  data  were  collected,  A comparison  of  the 
conditions  in  the  laboratory  and  In  the  real  world  is  necessary,  however, 
to  aid  in  assessing  the  applicability  of  the  laboratory  data  to  the  real 
world , 


Laboratory  data  of  possible  application  to  the  modeling  of  the 
aircraft  sighting  process  have  been  collected  with  (1)  no  visual  search 
required  (and  the  target  presented  both  on  and  off  the  point  of  fixation), 
(2)  visual  search  in  an  empty  field,  and  (2)  visual  search  in  a structured, 
or  cluttered  field.  Most  of  these  experiments  use  a time  limit  and/or  a 
forced  choice  procedure.  In  forced  choice,  the  subjects  must  give  an 
answer  as  to  where  (e.g.,  which  sector)  or  when  (e.g.,  which  time  interval) 
the  target  was  presented.  In  most  of  these  tests,  abstention  is  not 
allowed;  that  is,  "X  don't  know"  or  '"I  didn't  see  anything"  are  not  in 
the  choices.  If  the  subjects  are  not  sure,  they  must  guess  at  on  answer. 

Experimenters  prefer  forced  choice  because  the  data  have  less 
variability.  Such  data  can  bo  summarized  in  the  format  shown  in  Fig.  3. 
Only  five  discrete  sizes  were  tested  in  this  hypothetical  experiment;  it 
would  usually  be  assumed  that  performance  varies  oentiriuoualy  with  target 
size,  however, 

in  this  hypothetical  experiment  - each  target  siza  was  presented 
the  same  number  of  times  to  a number  of  observers.  It  is  seen  that  ovary 
time  a target  subtending  i2  min  cf  arc  was  presented,  its  location  was 
correctly  reported.  Ten  percept  of  the  A min  of  arc  target  locations 
were  correctly  reported. 

If  forced  choi.es  is  used  in  the  a/pe  '.men  , the  subjects  will 
get  some  answers  right  regardless  of  whether  or  not  the  target  in 
perceived.  To  taka  this  into  account,  the  scores  for  sueueing  ere 
aometimuo  corrected  by  tho  equation. 
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where 


S ■ X right,  corrected  for  guessing 

N " number  of  alternatives  (choices)  the  subject  has  in  responding. 

It  should  be  pointed  out  that  this  correction  for  guessing  may  have  no 
significance  or  may  not  fit  the  assumptions  behind  some  mathematical 
models  (Harris,  1963). 


TAfUjET  SIZE.  WM,  OF  AKC 

FIG,  3»  Data  Format  for  Detection 
of  Targets  of  Variable  Size  (With  All 
Other  Characteristics  Held  Constant). 

The  data  in  Fig.  3 can  be  corrected  for  guassir.g  if  it  is 
assumed  that  there  are  ten  equally  difficult  alternatives  for  each  re- 
sponse (Fig,  6),  If  it  is  assumed  that  cha  response  process  is  aontimaua 
with  target  size,  the  data  also  can  be  smoothed  (Fig.  5). 

Figure  5 appears  to  be  similar  fo  Fist,  2,  with  total  percent 
of  samples  equivalent  to  percent  targets  detected,  and  range  corre- 
sponding to  target  also,  These  curves  are  Kof-  equivalent,  however; 
thft  key  reason  ia  that  Fig,  2 in  derived  from  4 free  search,  no-tire- 
Hmit,  cali-it-vhen*you-RGe~it  type  situation,  Alt  ^he  sightings  arc 
voluntarily  reported  with  an  unknown,  but  probably  high,  confidence 
level.  The  data  in  Fig,  5 are  forced  choice  in  a restrictive  situation; 
tha  percent  targets  detected  probably  correspond  to  the  confidence  level 
(which  is  variable  down  co  zero). 
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FIG.  A.  Data  Shown  in  Fig.  3 
Corrected  for  Guessing  (Assumed 
Chance  Level  - 10%). 


TARGET  SI??.  MIN  0?  ARC 

FIG.  5.  Percent  Targets  Detected  as 
c Function  of  Target  Size,  and  Corrected 
for  Guessing  Assuming  Continuous  Function. 


The  curve  in  F t g • 5 represents  performance  under  one  net  of 
conditions  for  targets  of  different  ni.’.ort.  A largo  number  of  such 
curves  arc  produced  in  an  experiment  where  several  parametera  are  varied. 
Those  arc  usually  summarized  by  plckinK  one  point  off  of  each  curve  (the 
dotted  line  in  Fig,  5)  to  use  as  an  indicator  of  performance.  The  ra- 
tionale for  this  is  given  in(Tayloi,  1964). 

"It  is  found,  upon  plotting  many  hundreds  of  such 
stimulus  presentations,  that  the  probability  of 
target  detection  rises  with  stimulus  magnitude  in 
accordance  with  an  ogive  curve  which  i*  well  fitted 
by  a normal  Gaussian  integral,  Statistically,  the 
best  determined  point  of  the  ogive  is  the  point  of 
inflection,  i.e.,  where  the  probability  of  correct 
discrimination  is  0.50,  and  this  is  the  value  of 
threshold  contrast  of  primo  Interest  in  laboratory 
studies." 


An  example  of  such  summary  data  (which  1b  usually  the  only 
data  that  Is  published)  is  shown  in  Fig,  6 (Blackwell,  1969). 
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FIG.  6.  Threshold  Contras;  for  Circular 
Targets  Against  a Background  Luminance  of 
75  Foot-lamberts  With  fl  1/3-Sueond  Viewing 
Tima. 


USING  LABORATORY  DATA  IN  A MODEL  0E  THE  HEAL  WORLD 

Theie  arc  many  differences  between  U<-  itory  teat  condi- 

tions and  those  usually  encountered  in  oporntl*  .i  i >t.  Application 


of  such  laboratory  data  to  mathematical  models  of  field  situations  can 
produce  erroneous  results  for  at  least  two  reasons: 

1.  The  accuracy  of  the  model's  description  of  the  visual  search 
process  is  not  known.  Assumptions  are  usually  made  (e.g.,  type  of  scon 
pattern),  which  are  pure  speculation. 

2.  The  situation  In  which  the  laboratory  data  were  collected  usually 
is  not  at  all  similar  to  the  situation  being  modeled. 

The  first  inadequacy  can  be  improved  by  collecting  flight  data 
(e.g.,  photographs  of  the  pilot)  to  better  describe  the  process.  Perform- 
ance data  can  also  be  collected  during  such  tests.  The  second  inadequacy  • 
is  corrected  empirically  by  applying  fudge  factors  to  the  laboratory  data. 
An  example  of  the  process  ia  taken  .om  Taylor's  discussion  (TDID). 

"At  this  point , it  is  well  to  give  an  example  of  how 
a field  factor  is  determined  for  a real  case,  end 
how  it  may  be  used  to  arrive  at  a realistic  estimate 
of  observer  performance  under  field  conditions.  Let 
it  be  assumed  that  an  observer  must  confidently 
detect  the  occurrence  of  a stimulus  of  known  duration 
and  size  but  of  unknown  location  within  a circular 
display  area  with  a diameter  of  8*.  The  target  will 
be  present  at  infrequent  intervals,  say  once  every 
15  min  or  so,  and  he  can  be  allowed  to  miss  only  5 / 
of  the  occurrences,  lie  is  new  to  the  t3sk,  and  our 
problem  is  to  arrange  the  contrast  of  the  target  so 
that  this  95%  criterion  will  be  met.  We  begin  by 
consulting  the  laboratory  data,  which  tell  us  that, 
for  our  target  size  and  duration  and  for  the  pre- 
vailing adapting  luminance,  the  required  contrast  for 
50%  correct  discrimination  by  practiced  observers 
in  a forced-choice  experiment  was  found  to  be  0.0061. 

To. correct,  respectively,  for  confidence  level,  un- 
known location,  vigilance,  and  lack  of  training  we 
multiply  this  contrast  value  by  1,64,  1.21,  1.19, 
and  2.00,  i.e.,  by  5.12.  The  needed  target  contrast, 
therefore,  is  G.031  for  our  problem. 

"It  should  be  noted  that  this  estimate  refers  to  the 
0.95  confidence  level  in  forced-choice  terms.  An 
additional  factor  of  1,2  in  contrast  may  be  used  to 
approximate  ordinary  seeing.  It  is  often  necessary 
to  use  laboratory  threshold  data  from  'yes-no' 
experiments;  in  this  case,  a rough  rule  of  thumb 
is  sometimes  used  which  calls  for  doubling  the 
liminal  contrast  value. 


"Additional  euntrlbut  ion«  to  the  Hold  factor  may 
occasionally  occur.  These  tend  to  ho  even  more 
highly  Individual,  and  generally  derive  Iron  specific 
environmental  conditions  ami  observer  states,  o.g., 
oxygen  deprivation,  dietary  factors,  acceleration, 
vibration,  fatigue,  distraction,  toxic  atmosphere, 
glare,  anxiety,  sensory  deprivation,  abnormal  thermal 
levels,  and  a host  of  others.  Only  fragmentary  data 
can  be  adduced  in  moat  ennes,  and  it  is  commonly 
found  necessary  to  assess  these  effects  by  means  of 
specific  experiments 

An  error  analysis  performed  ns  part  of  the  development  of  a 
mathematical  model  of  the  visual  detection  process  is  rare.  The  dis- 
cussion by  Taylor  quoted  previously  gives  some  indication  of  how  many 
sources  of  error  are  just  in  the  field  faetor. 


THE  TOTAL  PICTURE 

it  is  useful  to  derive  a model,  or  concept  of  how  all  air-to- 
air  signtlngs  can  be  described.  The  whole  world,  or  as  the  staticians 
say,  the  "total  population"  consists  of  the  result!-,  from  all  the  actual 
encounters.  Of  course,  these  results  are  not  known  since  (a)  as  they 
occur,  the  data  are  not  recorded  properly;  and  (b)  those  of  interest 
are  in  the  future.  This  total  population  can  be  estimated  with  a mathe- 
matical model,  a laboratory  simulation,  and/or  flight  test  simulations. 
The  accuracy  of  such  an  estimate  will  directly  affect  the  validity  of  the 
analysis  leading  to  weapon  system  specification. 


The  basic  data  describing,  performance  are  shown  in  Fig.  1.  The 
reason  for  the  spread  in  the  reported  ranges  for  the  same  pilot  and  the 
same  environment  has  been  attributed  tc  variation  of  the  pilot's  character- 
istics (motivation,  alertness,  and  sensitivity)  from  time  to  time,  and  to 
thu  existence  of  a random  component  in  the  visual  search  process.  The 
spread  in  commonly  found  in  experiments  and  is  also  found  in  decision 
theory  models. 


Performance  differences  between  pilots  will  result  in  a range 
of  performance  curves  similai  to  Fig.  2 for  each  situation  (Fig.  7), 
These  curves  can  be  comb i no u across  pilots  to  give  -a  summary  measure  of 
performance  for  a given  oet  of  environmental  conditions  (Fig.  7). 


The  total  population  of  performances  (Fig.  8)  might  be  described 
by  a number  -of  the  types  of  curve!!  shown  in  Fig.  7.  Any  one  curve  de- 
scribes performance  for  a particular  set  of  environmental  conditions,  or 
for  a number  of  sets  of  conditions;  e.g,,  performance  against  a large, 
low-contrast  target  may  oe  the  name  na  that  against  a smaller,  higher- 
contrast  target.  The  boundary  cfcrvcs  in  Fig.  8 arc  tied  to  the  real 
world  by  the  following  two  statements! 


rjtoBABiLrrv  of  detectiow 


Curve  A nt I r,1>t  he  detection  of  a large,  high-contrast 
target  In  a clear  atmosphere  when  the  pilot  knows  when 
and  where  to  look. 

Curve  B might  he  detection  of  n small,  low-contrast 
target  when  the  pilot's  expectation  of  an  encounter 
in  low,  and  the  target  can  appear  anywhere. 

PIUIHAMUTY  OK  (H'C.UUUENCK 

llstahl!  ' nt  of  all  the  probable  sets  of  environmental  condi- 
tions and  d*  -Ion  of  the  performance  curve  for  cacli  have  still  not 

adequately  di„  >-*U  die  total  population.  The  probability  of  occurrence 
of  each  curve  is  also  requited.  A three-dimensional  plot  of  Fig.  8 with 
the  probability  of  occurrence  added  as  the  third  dimension  is  shovm  in 
Fig.  9.  (Figure  8 is  shown  in  the  horizontal  plane  of  Fig.  9.) 

Figure  8 illustrates  that  the  performance  curves  arc  not 
expected  to  occur  with  a uniform  density  in  the  Pp/R  plane.  Hence, 

Fig.  9 may  be  considered  to  bo  a solid,  but  one  whose  density  (number  of 
performance  curves  per  unit  Pp  x R area)  is  variable. 


PHOBAOU.lt  V Of  OCTECTiGfi 

^IG.  9.  Probability  of  Cccurrence/Probabllity 
of  Detection  as  a Function  of  Range. 


PERFORMANCE  OF  Tilt'.  TOTAL  POPULATION 

The  integral  of  the  solid  shown  in  Fig,  9 (wi1  nsity  included 

as  a fourth  variable)  can  be  normalized  to  a miaa  of  on*.  describe  the 

total  population  of  encounters  where  d*'.*ctlon  occurred  (Lq.  2). 


^total 


max 


x P 


occ 


x Density  x dH 


(2) 


The  plot  of  this  normalized  Integral  ns  a function  of  R Rhowa  the  percent 
of  all  detections  (under  all  conditions  to  be  encountered  by  all  pilots) 
which  can  be  expected  to  occur  by  range  R (Fig.  10)  where  R varies  from 
Rnujx  to  zero.  An  analyst  could  use  this  plot  to  select  a missile  range 
which  would  include  any  percent  of  expected  encounters  he  desired. 


RANGE 


FIG.  10.  Cumulati/t  Detections. 


APPENDIX  A 


SUMMARY  OP  TARGET  ACQUISITION  LITERATURE 


While  conducting  this  survey  of  the  target  acquisition  field,  a very 
large  number  of  references  were  found,  reviewed,  and  assembled  into  the 
bibliography  which  follows.  The  resultant  listing  is  so  extensive  (more 
than  1750  entries)  that  summary  tables  are  presented  for  quick  reference 
purposes.  The  results,  which  are  similar  to  previous  efforts  by  Franklin 
and  Whittenburg  (1965),  Parkes  (1972),  Lloyd  (1973),  and  Price  (1974), 
are  presented  in  Tables  A-I  through  A-VI. 

These  tables  contain  relevant  references  classified  by  the  more  im- 
portant variables  in  air-to-ground  target  acquisition,  and  furnish  key 
entry  points  into  the  target  acquisition  literature.  As  ouch  thoy  can  be 
used  a3  a tool  with  which  users  can  readily  find  sources  of  data  on  char- 
acteristics and  variables  of  particular  intereot. 

An  attempt  was  made  to  present  a representative  collection  of  refer- 
ences on  the  listed  varicbloc.  It  ia  entirely  possible  that  in  the  effort 
to  keep  the  tables  at  a manageable  and  useful  sire,  somo  important  docu- 
ments wore  not  included.  Nevertheless,  it  is  beioved  that  the  tables  are 
more  than  adequate  as  a ready  reference  file  backed  up  os  they  are  by  the 
comprehensive  bibliography. 

To  find  an  appropriate  reference,  first  look  for  the  table  which  con- 
tains the  general  subject  title,  e.g.,  Table  A-I  Target/Background  Para- 
meters. Opposite  the  parameters  appropriate  to  the  subject  arc  listed  a 
scries  of  numbers,  which  are  identifiers  of  items  in  the  bibliography. 

Using  thie  short  cut,  a representative  group  of  references  for  a particular 
subject  can  bo  readily  identified  and  ordered  from  the  usual  sources  (Di)C 
or  as  indicated  in  the  entries). 


TABLE  A- I 


Target/Background  Parameters 


Type. 

Sire 


Shape 


Contrast 


Color 


Luninanca/Reflcctanee 


Texture 


52)  271,  1732 

76,  119,  120,  157,  162,  167,  178,  184, 
324,  392,  514,  565,  703,  747,  786,  821, 

87 4,  921,  9L5 , 957,  965,  966,  1059,  1094, 
1152,  1163,  1190,  1244,  1245,  1376,  1428, 
1460',  1478,  1487,  1491,  1525,  1526,  1529, 
1565,  1576,  1614,  1672,  173$ 


152,  157,  162,  137 
343,  365,  369,  402 
921,  931,  933,  935 
1059,  1136,  1190, 
1270,  1301,  1324, 
1470,  1471,  1472, 
1525,  1547,  1565, 
1631,  1664,  1701, 


, 201,  203, 
, 415,  561, 
, 556,  957, 
;.198,  1208, 
1328,  1351, 
1473,  1480, 
1587,  1609- 
1727,  1748 


313,  326, 
703,  775, 
965,  966, 
1209,  1242, 
1425,  1433, 
1487,  1491, 
1630,  1637, 


142,  151,  153,  156,  184,  200,  109,  218, 
322,  336,  388,  505,  556,  559,  565,  768, 
874,  965,  966,  102;',  1115,  3137,  1163, 
12S6,  1324,  1346,  1428,  1478,  1624,  1636, 
1644,  1862,  1739 

76,  116,  246,’  262,  310,  329,  52?,  579, 

592,  599,  637,  645,  646,  679,  750,  764, 
768,  779,  870,  378,  931,  1096,  1115,  1139, 
1161,  1189,  1292,  1323,  1352,  1372,  ’415, 
1426,  1447,  1448,  1454,  14e2,  1523,  1529, 
:561,  1342,  1624,  1643,  1679,  1736 


162,  lb 7,  165,  186,  187,  1S9,  246,  318, 
43$, - 457,  305,  557,  582,  630,  631,  6^0, 
709,  901 , 954,  997,  1073,  1292,  1328, 
1437,  1451,  1529,  1586 

555,  568,  834,  1299,  1331,  1426,  1489 


j 


.■>, '‘f' WW. ‘t-M- , ,, ,, ^ . 


Motion 

60, 

125. 

123, 

196, 

242, 

243, 

251, 

358, 

359, 

360, 

36.1, 

366, 

414, 

419, 

420, 

421, 

431, 

44®., 

479, 

480, 

489 , 

500, 

504, 

505, 

517, 

603; 

604 , 

617, 

650, 

755, 

776, 

786, 

950, 

996, 

997, 

998, 

1009 

, 1043,  1052, 

1056,  1111,  1143,  1146,  1152,  1153,  1195, 
1207,  1296,  1466,  1626,  1639,  1648,  1650, 
1651,  1652,  1667,  1742 


Shadow 


570,  623,  868 


Terrain  Type 


79,  81,  147,  499,  505,  556,  1282,  1291, 
1344,  137S , 1423,  1624,  1669,  1732,  1734 


Vegetation 


398 


Masking 


177,  178,  297,  424,  499,  500,  505,  650, 
655,  1516,  1718 


Counter  Surveillance  (Camouflage) 


444,  484,  485,  644,  665,  673,  948,  1197, 
1287,  1449,  1508,  1653 


Clutter 


29,  61,  64,  146,  177,  179,  184,  199,  221, 
240,  265,  317,  505,  685,  767,  819,  964, 
1017,  1124,  1152,  1236,  1335,  1488,  1525, 
1526,  1624,  1662,  1739 


Cues 


184,  266,  557,  571,  577,  1001,  1062, 
1105,  1106,  1107,-  1108,  1109,  1373,  1605 


Distinctiveness 


146,  199,  201,  202,  267 


Conepi cuity 


177,  184,  486,  801,  1703,  1704.  1705, 
1706,  1707,  1708 


Embeddedness 
Ambiguity 
Confus ability 


178,  179,  184,  938,  1739 
152,  751,  1169 
152,  294,  426 


t 


i 

i* 


i; 


t 


► 


TABLE  A-II 


Aircraft  Parameters 


Altitude 


49,  60,  78,  01,  170,  206,  321,  610,  632,  655, 
694,  712,  726,  732,  734,  762,  803,  877,  917, 
1068,  1102,  1148,  1149,  1230,  1231,  1326,  1416, 

1456,  1468,  1495,  1504,  1506,  1515,  1516,  1517, 

1518,  1588,  1591,  1593,  1596,  1646,  1669,  1702, 

1715,  1724,  1732,  1740 


RAnge 


94,  173,  174,  172,  610,  618,  917,  1230 


Speed 


52,  206,  268,  269,  271,  438,  460,  461,  726,  877, 
880,  917,  1074,  1113,  1148,  1231,  1326,  1373, 
1416,  1431,  1456,  1515,  1517,  1518,  1534,  1388, 
1669,  1733,  1740 


Offset 


505,  572,  650,  1160,  1732 


Target  Exposure  Time 


50,  173,  174,  177,  204,  303,  500,  1592 


Type  Aircraft 


92,  227,  229,  410,  424,  434,  662,  694,  850,  854, 
860,  915,  1033,  1165,  1163,  1284,  1455,  1494, 
1577,  1578,  1728 


Scat  Position 


49,  92,  424,  734,  914,  1156,  1307 


50,  98,  149,  147,  231,  233,  234,  241,  289,  325, 
340,  438,  500,  505,  650,  876,  1071,  1133,  1172, 
1176,  1253,  1354,  1505,  1523,  1618,  1708 


Apparent  Motion 


] 


t I. 

} *%. 

y 

Visibility 


Cloud  Cover 
Sky-Ground  Ratio 
Sun  Angle 
Illumination  Level 

Diurnal  Variation 
Seaaonal  Variation 

Scintillation 

Clara 

Attenuation 
Tranamittence 
Apparent  Contrast 
hTF 


TABLE  A-1II 

Environment  Parametera 


i 


! 


89, 

103, 

108, 

146, 

160, 

>66, 

185, 

186, 

187, 

188, 

197, 

207, 

244, 

276, 

321 

329, 

330, 

371, 

41C, 

436, 

443, 

444, 

446, 

447, 

449, 

457, 

458, 

528, 

536, 

548, 

585, 

586, 

614, 

625, 

628, 

681, 

686, 

CO 

937,  945,  1019,  1047,  104b,  1083,  1116,  1141, 

1142,  1197,  1214,  1293,  1298,  1372,  1337,  1344, 

1348,  1369,  1571,  1573,  IS 74,  16':',  1619,  1636, 

1638,  1649,  1660,  1665 

531,  1013,  1117,  1410,  1617,  1612,  1623,  1723 

189,  454,  477,  625,  626,  630,  1141,  1322 

187,  570,  623,  868,  1426,  1662 

86,  91,  96,  98,  99,  128,  134,  153,  161,  182,  255, 
288,  395,  538,  553,  642,  740,  824,  825,  893,  901, 
936,  1044,  1046,  1135,  1145,  1155,  1199,  1292, 

1308,  1469,  1574,  1671 

423,  456,  1492,  1612,  1623 

306,  307,  308,  309,  531,  1014,  1344,  1492,  1612, 
1617,  1623,  1723,  1726 

111,  112,  331,  505 

406,  466,  540,  716,  1317,  1528.  1627,  1717 

58,  147,  185,  186,  187,  189,  219,  296,  327,  373, 
477,  482,  483,  524,  1095,  1097,  1142,  1141,  1329, 
1563,  1604,  1627,  1726 

58,  147,  185,  186,  187,  189,  250,  372,  437,  445, 
476,  477,  540,  796,  970,  U16,  H32,  1320,  1322, 
1545,  1575,  1665,  1726,  1729,  1*37 

185,  186,  187,  188,  109,  147,  219,  327,  437,  445, 
446,  451,  453,  457,  625,  1141,  1142,  1317,  1322,  1 

2329 


85,  86,  114,  115,  129,  131,  132,  135,  161,  194, 
147,  215,  230,  252,  253,  279,  301,  332,  347,  349, 
470,  332,  647,  669,  811,  840,  841,  870,  887,  968, 
969 


Sensor  Type 


Field  of  View 

Resolution  (and  Raster 
Line  II) 

Contrast  Ratio 
Ganna 

Sigr.si-tc-Hoiss 
Frame  Rate 
Interlace 


Integration  Time 


137,  140,  143,  147,  172,  183,  148,  250,  257, 

260,  278,  290,  352,  387,  401,  412,  476,  539,  ' 

563,  569,  621,  657,  658,  660,  676,  714,  717, 

809,  827,  835,  866,  896,  959,  962,  999,  1027, 

1112,  1113,  1177,  1199,  1203,  1238,  1290,  1318, 
1322,  1325,  1336,  1345,  1349,  1363,  1381,  1382, 
1384,  1461,  1388,  1391,  1392,  1393,  1394,  1411, 
1432,  1436,  1437,  1451,  1465,  1628,  1749,  1532, 
1553,  1474,  1475,  1496,  1510,  1511,  1512,  1522, 
1561,  1528,  1531,  1589,  1613,  1666,  1678,  1694, 
1719,  1744 

103,  137,  195,  459,  508,  571,  635,  559,  813, 
953,  979,  1034,  1085,  1093,  1134,  1225,  1234, 
1237,  1268,  1375,  1376,  1467,  1537,  1597,  1660, 
1668,  1700,  1701,  1702,  1733,  1735 

63,  111,  11?.,  137,  179,  175,  212,  213,  267, 

285,  334,  433,  478,  516,  517,  518,  519,  693,696 
700,  707,  834,  848,  849,  902,  930,  978,  979, 
1002,  1007,  1008,  1019,  1028,  1057,  1085,  1192, 

1195,  1234,  1239,  1240,  1241,  1285,  1395,  1404, 

1405,  1406,  1421,  1420,  1444,  1457,  1458,  i459, 

1460,  1486,  1490,  1673,  1683,  1700 

16,  68,  247,  248,  334,  464,  608,  607,  559, 

1269,  14.13,  1459 

17,  555,  542,  1093,  1119,  1407,  1450 

17,  131.  135.  137,  175,  210.  211,  333,  788, 
1130,  1234.  1435,  1700 

17,  62,  127,  422,  462,  49j,  590,  813,  1057, 
1119,  1178,  1234,  1407,  1420,  1430,  1450 

17,  62,  127,  813,  1057,  3il9,  1407,  1450 

62,  1346,  1420 


Pointing  Angie  (Viewing) 
1)1  up  lay  Size 

Aopect  Ratio 
Viewing  Distance 

Displayed  Si gnal-to-Noise 

Color  Spot 
Wobble 

Scene  Rotation 
Display  Freeze 
Enhancement 


1460,  1712 

68,  126,  251,  363,  370,  490,  494,  514,  643, 

1073,  1075,  1099,  1119,  1157,  1170,  1216,  1434, 
1483,  1683,  1711 

663,  773,  1434 

17,  60,  176,  247,  248,  251,  1075,  1099,  1119, 
1170,  1278,  1434,  1455 

16,  131,  132,  135,  137,  194,  348,  368,  506, 

515,  520,  574,  591,  600,  804,  1008,  1066,  1193, 
1.279,  1355,  1356,  1357,  1358,  1359,  1360,  1361, 
1412,  1413,  1599 

116 

135,  136,  131,  1599 
319,  572,  1315,  1521 
1178,  1371,  1377,  1378 

37,  100,  132,  165,  212,  214,  303,  356,  465, 

493,  576,  679,  715,  803,  1006,  1038,  1167,  1229, 
1371,  1389,  1390,  1448,  1541,  1542,  1625,  1647, 
1693 

888,  889,  932,  991,  994.  1007.  1021,  1029,  1045, 
1070,  1124,  1147,  1164,  1179,  1169,  1236,  1295, 

1364,  1386,  1396,  1397,  1398,  1399,  1402,  1403, 

1404,  1413,  1412,  1414,  1419,  1422,  1427,  1445, 

1496,  1497,  1498,  1500,  1507,  1514,  1543,  1604, 

1696,  1709,  1743 


Imagery  Quality  and 
Assessment 


TABLE  A-V 


Observer  Parartetera 


Fixation  163,  164,  167,  176,  361,  491,  552,  629,  653,  654, 

691,  688,  692,  697,  1060,  1061,  1062,  1067,  1365, 
1554,  1640,  1676,  1677,  1678,  1706,  1707,  1710, 

1738 

Search  Time  64,  126,  163,  177,  254,  316,  317,  344,  354,  389, 

390,  501,  503,  506,  504,  552,  629,  653,  654,  697, 

720,  729,  796,  798,  799,  952,  971,  1041,  1173, 

1191,  1196,  1235,  1238,  1280,  1467,  1479,  1484, 

1485,  1531,  1583,  1584,  1592,  1625,  1662 

Search  Pattern  9,  83,  150,  169,  177,  190,  302,  310,  355,  376,  405, 

422,  491,  492,  507,  552,  583,  601,  605,  626,  629, 

634,  654,  699,  710,  826,  919,  942,  943,  1040,  1092, 

1100,  1103,  1121,  1173,  1196,  1303,  1304,  1309, 

1310,  1311,  1338,  1365,  1439,  1440,  1454,  1461, 

1479,  1499,  1594,  1703,  1734,  1738 

Visual  Acuity  97,  109,  116,  117,  118,  125,  128,  144,  145,  151, 


154, 

155, 

163, 

164, 

168, 

176, 

182, 

195, 

196, 

205, 

235, 

241, 

242, 

243, 

258, 

259, 

261, 

274, 

275, 

298, 

322, 

353, 

358, 

388, 

389, 

391, 

839, 

847, 

094, 

736, 

738, 

749, 

540, 

620, 

640, 

407, 

411, 

417, 

434, 

455, 

479,  480,  501,  506,  511,  512,  641,  698,  760,  897, 
898,  905,  950,  955,  1010,  1024,  1033,  1034,  1042, 
1049,  1050,  1052,  1053,  1054,  1055,  1056,  1059, 

1091,  1137,  1144,  1145,  1146,  1150,  1151,  1153, 

1154,  1155,  1190,  1191,  1193,  1245,  1249,  1300, 

1341,  1352,  1414,  1415,  1485,  1505,  1354,  1569, 

1570,  1555,  1571,  .573,  1367,  1576,  1578,  1568, 

1632,  1633,  1634,  1635,  1644,  1680,  1681,  1725 

Experience  156,  364,  507,  958,  1076,  1158,  1159 


* 


5,  141,  156,  399,  471,  675,  680,  685,  754,  820, 
886,  1054,  1055,  1151,  1204,  1205,  1313,  1424, 
1433,  1564,  1572,  1593,  1595,  1645,  1720,  1745 


Expectation 


8,  156,  324,  922,  929,  1555,  1601 


Motivation 


1493,  1654 
1429,  1652 


Selection 
Tank  Load 


6,  7,  102,  143,  159,  177,  672,  934,  1231,  1315, 
1438,  1462,  1463,  1469,  1518,  1741 


Streua  and  Katigue 


869,  875,  995,  1005,  1188,  1441,  1462,  1463,  1530, 
1579,  1580,  1655,  1656,  1657,  1680,  1681,  1697 


Number  of  Observura 


190,  521,  794,  1016,  1120,  1186,  1463,  1682 


Prebrief ing 


1,  143,  156,  173,  177,  295,  315,  442,  653,  658, 
830,  1112,  1113,  1274,  1275,  1276,  1281,  1283, 
1374,  1546,  1597,  1666 


Cueing 


104,  135,  177,  711,  571,  730,  925,  526,  927,  977, 
1270,  1383,  1513,  1'05  1626,  1659,  1745 


1,  104,  105,  108,  141,  264,  266,  404,  628,  629, 

739,  742,  753,  769,  770,  946,  961,  999,  1065,  1077, 
1083,  1108,  1110,  1112,  1166,  1174,  1221,  1261, 
1262,  1272,  1273,  1383,  1389,  1390,  1426,  1481, 
1551,  1629,  1693,  1730,  1734,  1744 


Search  Aids 


TAflLE  A-VI 


Models,  Modeling  and  Evaluation 


Identification  Submodel 

62,  142,  206,  218, 

565, 

701, 

1058,  1254, 

1255,  1256, 

1267, 

1288, 

1289, 

1690 

Recognition  Submodel 

19,  34,  35, 

41,  40 

, 42, 

43,  44,  45,  53, 

56,  57,  64, 

73,  76 

, 101 

102, 

114,  1X5, 

195.  138,  975,  984 

, 985 

1184 

, 1267, 

1408,  1464, 

1465, 

1470, 

1557, 

1664,  1692, 

1700 

Detection  Submodel 

53,  56,  57, 

121,  157,  156,  154,  158,  161, 

168,  173,  174,  206 

, 342 

220, 

224,  292, 

293,  513,  565,  589 

, 616 

729, 

827,  908, 

909,  918,  963,  972 

, 984 

985, 

1020,  1058, 

1087,  1184, 

1257, 

1265, 

1266, 

1379,  1408, 

1412,  1414, 

1442, 

1552, 

1556, 

1558,  1560, 

1582,  1621, 

1661, 

1690, 

1704 

Search  Submodel 

23,  30,  57, 

83,  84 

, 148 

150, 

169,  170, 

172,  173,  174,  177 

, 170 

179 , 

217,  223, 

390,  394,  435,  503 

, 626 

720, 

724,  797 

920,  939,  940,  941 

, 952 

993, 

1100,  1173, 

1196,  1264. 

1309, 

1310, 

1311, 

1312,  1337, 

1465,  1479, 

1581, 

1585, 

1641, 

1642,  1676, 

1677,  1678, 

1703, 

1705, 

1710, 

1738 

Atmospheric  Model 

20,  21,  25, 

32,  36 

, 58, 

147, 

185,  186, 

• 

188,  187,  189,  207 

, 203 

219, 

457,  1095, 

1097,  1184, 

1293, 

1329, 

1348, 

1408,  1612, 

1617,  1623, 

1638 

Terrain  Submodel 

79,  81,  827, 

1379, 

'516 

1652 

Hiaoion  Pareasters 

529,  790,  823,  923 

, 924 

947, 

1079,  1089, 

1128,  1250, 

1286, 

1323, 

1426, 

1429,  1468, 

1527,  1590, 

1616, 

1622, 

1662, 

1698 

Validation  Data  - Flight  3,  15,  24,  28,  31,  33,  37,  55,  78,  80, 

93,  94,  122,  166,  169,170,  193,  216,  249, 
254,  346,  394,  441,  502,  513,  523,  611, 

632,  719,  723,  725,  731,  733,  735,  812, 

850,  851,  852,  853,  854,  855,  856,  857, 

858,  859,  860,  861,  862,  863,  864,  865, 

866,  867,  871,  880,  881,  1131,  1182, 

1183,  1251,  1370,  1453,  1520,  1566,  1593, 
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GLOSSARY 


The  following  definitions  are  pertinent  target  acquisition 
terms  as  used  in  this  source  book.  Three  primary  sources  were  used 
to  develop  this  glossary  of  terns : 

(1)  U.S,  Joint  Chiefs  of  Staff  Publication  1 - Department 
of  Defense  Dictionary  of  Military  and  Associated  Terms,  (use  is 
mandatory  by  Department  of  Defense  Directive  5000.9). 

(2)  U.S.  Joint  Test  Project  Plan  of  Combat  Air  Support 
Target  Acquisition  Program  SEEKVAL,  July  19/3. 

(3)  Definitions  developed  by  the  authors. 


ACQUISITION  - The  procoss  of  detection,  recognition  and/or  identifi- 
cation of  a target  in  sufficient  detail  to  permit  the  effective  em- 
ployment of  a weapon  against  a target.  A generic  t°rm  covering  nil 
aspects  of  targeting. 

ACQUISITION,  AIDED  VISUAL  - Acquisition  by  means  of  direct-viewing 
optical  devices  or  by  means  of  devices  that  present  target  inform- 
ation to  an  observer  on  a separate  display. 

ACQUISITION,  DIP.ECT  VISUAL  - Acquisition  by  use  of  the  unaided  eye. 

ACQUISITION  SYSTEM  - A system  that  assists  cm  observer  in  one  or  more 
of  the  target  acquisition  tasks  of  detection,  identification,  or 
localization, 

ACUITY-VISUAL  - In  general,  the  ability  of  the  eye  to  see  fins  detail. 
At  least  five  types  era  of  Interest  in  target  acquisition. 

a.  Minimum  visible  refers  to  the  ability  to  see  a 
point  source  of  light.  It  is  a function  of 
intensity. 


2=1 


b.  Minimum  perceptible,  also  colled  opot  detection, 
is  the  ability  to  see  small  objects  against  a 
plain  background.  Size,  brightness,  and  con- 
trast arc  determining  factors. 

• c.  Minimum  separable,  also  called  gap  resolution, 

refers  to  the  ability  to  see  objects  as  separate, 
when  they  are  close  together.  ' 

d.  Vernier  is  the  ability  to  recognize  that  two 
lines  drawn  end  to  end  are  slightly  offset  from 
each  other. 

e.  Stereoscopic  is  the  primary  binocular  ability  of 
the  eyes  to  determine  which  of  two  objects  is 
closer;  also  called  depth  perception. 

ALBEDO  - The  fraction  of  the  incident  energy  which  is  reflected  by  an 
object  in  the  entire  spectrum  from  the  ultra-violet  to  the  far  infra- 
red. 

ANGULAR  SUBTENSE  - Angle  subtended  by  an  object  at  the  observer's 
eye  or  sensor's  optics. 

ATTENUATION  - Decrease  in  intensity  of  a signal,  beam,  or  wave  as  a 
result  of  absorption  of  energy  and  of  scattering  out  of  the  field  of 
view  of  a detector,  but  not  including  the  reduction  due  to  geometric 
spreading. 

BRIGHTNESS  - The  perceived  intensity  of  light;  the  sensation  as  dis- 
tinguished from  the  photometric  quantity,  luminance.  See  also 
LUMINANCE,  LUMINOSITY,  and  ILLUMINANCE. 

CAMOUFLAGE  - Use  of  concealment  and  disguise  to  tnir Imize  the  possibility 
of  detection  and/or  identification  of  troops,  materiel,  equipment, 
and  installations.  It  includes  taking  advantage  of  the  natural  en- 
vironment aa  well  as  the  application  of  natural  and  artificial  material. 

CHR0HATIC1TY  DIAGRAM  - A diagram  on  which  the  color  of  an  object  may 

be  specified  in  terras  of  the  relative  amounts  of  its  constituent  prl- 


iwjj.;  uviuioi 

CLOSE  AIR  SUPPORT  - Air  attacks  against  hOBtile  targets  that  are  in 
close  proximity  to  friendly  forces  and  that  require  detailed  in- 
tegration of  each  air  mission  with  the  fire  and  movement  of  those 
forces. 


CLUTTER  - Objects,  r.stural  or  artificial  in  this  general  area  of  the 
target  other  than  the  target  which  tend  to  hinder  target  acquisition 
because  of  their  perceived  similarity  to  the  target. 

COLOR  CONTRAST  ~ A difference  in  color  between  the  target  and  ita 
background,  which  may  be  obtained  from  a chromaticity  diagram  hav- 
ing experimentally  determined  contours  of  equivalent  contrast, 

COMBAT  AIR  SUPPORT  - Air  attacks  against  hostile  targets  that  are  in 
close  proximity  to  friendly  forces  or  against  more  remote  targets  on 
the  battlefield  that  can  contribute  to  the  outcome  of  a battle;  does 
not  include  interdiction. 


CONCEALMENT  - Protection  of  a target  from  observation. 

CONES  - The  receptors  for  the  optic  nerve,  located  in  the  retina  and 
concentrated  in  the  fovea  and  macula,  which  ore  concerned  with  sharp 
vision,  high  ambient  light,  and  color  vision.  See  also  RODS. 

CONTRAST,  APPARENT  - For  a given  range,  the  difference  between  the 
luminance  of  a target  and  the  luminance  of  the  background,  divided  by 
the  luminance  of  the  background;  includes  the  effects  of  atmospheric 
attenuation. 

CONTRAST,  INHERENT  - For  luminance  measurements  taken  close  to  the 
target  (to  avoid  the  effects  of  attenuation  by  the  atmosphere),  the 
difference  betvfecn  the  luminance  of  a target  and  the  luminance  of 
its  background,  divided  by  the  background  luminance. 

CRITICAL  FUSION  FREQUENCY  - The  rate  of  presentation  of  successive 
light  stimuli  which  ia  necessary  to  produce  complete  fusion  and  to 
have  the  effect  of  continuous  illumination,  sometimes  called  critical 
flicker  frequency. 

CUE  - An  item,  feature,  or  signal  that  enhances  target  detection  or 
acts  as  an  indication  of  the  nature  of  the  object  perceived. 

CUEING  DEVICE  - A dovico  that  receives  and  displays  cues  to  an 
observer. 


DETECTION  - Ilia  determination  that  6a  object  classifiable  as  a target 
has  been  seen,  i.e.,  the  decision  that  a possible  target  is  present 
in  the  scene  being  searched. 


DIFFRACTION  - A modification  of  light,  which  occurs  when  the  light 
passes  by  the  edge  of  an  opaque  body  or  through  narrow  slits,  in 
which  the  rays  appear  to  be, deflected,  producing  fringes  of  parallel 
light  and  dark  or  colored  bands. 


DYNAMIC  RANGE  - The  portion  of  the  electro-magnctic  spectrum  over 
which  a sensor  can  sense  energy. 

ELECTRO-OPTICAL  SENSOR  ~ A detector  of  electromagnetic  energy  that 
senses  radiation  from  in  the  ultra-violet,  thru  the  visible  and 
infra-red  region  of  the  electromagnetic  spoctrum. 

EMISSIVITY  - The  emissive  power  of  a radiating  surface  expressed  as  a 
fraction  of  that  of  a black-body  surface  at  the  same  temperature. 

EXTINCTION  COEFFICIENT  - The  sum  of  the  absorption  coefficient  and 
the  scattering  coefficient  for  a medium  that  both  absorbs  and  scatters 
radiation. 

FLIGHT  PROFILE  - The  flight  path,  airspeed,  and  altitude  of  an  air- 
craft as  a function  of  time. 

FLIR  - Forward  Looking  Infra-Red,  an  acquisition  system  originally 
designed  to  look  forward  from  an  aircraft,  that  senses  radiation  in 
either  the  3 to  5 or  8 to  14  micron  wavelength  region  of  the  electro- 
magnetic spectrum  and  converts  the  scene  into  a visible  display. 

FOVEA  - The  retinal  region  of  the  eye  that  contains  only  cones;  it 
is  the  area  (approximately  1.5  degrees)  that  mediates  the  highest 
degree  of  visual  acuity. 

GAIN  - The  ratio  of  an  obtained  signal  size  to  its  input  amount,  i.s., 
the  ratio  of  output  amplitude  to  input  amplitude. 

GAMMA  - The  system  luminance  transfer  function  of  a CRT  display;  the 
relationship  between  the  input  scene  gray  scale  characteristics  and 
the  corresponding  displayed  gray  3cale. 

GLARE  - Any  brightness  within  the  field  of  vision  of  such  character  as 
to  cause  discomfort,  annoyance,  interference  with  vision,  or  eye  fatigue. 

a.  Direct  - Glare  caused  by  a light  source  in  the 
visual  field, 

b.  Specular  - Reflected  concentrated  light  as 
distinguished  from  diffused  light;  caused  by 
reelecting  bright  surfaces. 

GLINT  - A bright  flash  of  light  reflected  from  the  target. 

GROUND  ILLUMINATION  - The  luminous  flux  falling  on  a unit  area  of  the 
ground  from  the  sun,  sky,  moon,  etc.;  expressed  in  lumens  per  square 
meter. 


HEADS  Ul’  DISPLAY  (HUD)  - A display  which  in  projected  onto  a normal 
combining  glass  to  provide  n pilot  with  flight,  weapon  system,  or 
targeting  information. 

ILLUMINANCE  - The  total  light  flux  incident  to  at.  area  or  surface, 

LASEil  DESIGNATOR  - A device  capable  of  marking  a target  with  a 
laser  spot  once  the  target  has  been  acquired. 

LASER  SEEKER  - An  acquisition  system  capable  of  detecting  a laser  spot; 
not  used  -in  this  book  to  refer  to  weapon-mounted  oeekera. 

LIMIKAL  DETECTION  - Detection  under  conditions  where,  the  probability  of 
success  is  0.50. 

LOW  LIGHT  LEVEL  TV  (LLLTV)  - A censing  system  that  responds  to  low 
intensity  radiation  in  the  visible  t^gion  of  the  electromagnetic 
spectrum  and  electronically  amplifies  that  radiation  so  that  it  is 
vinible  on  a CRT. 

LUMINANCE  -•  The  photometric  term  corresponding  to  radiance;  specifies 
the  amount  of  luminoun  flux  radiated  from  an  extended  body  per  solid 
angle  and  per  projected  area  of  radiating  surface;  expressed  In  lumens 
per  steradian  per  square  meter. 

MASKING  - The  concealment  or  partial  concealment  of  a target  from  view. 
Targets  are  masked  by  natural  or  artificial  features. 

MICRODENSITOMETER  - Ats  instrument  C<*r  weaoin  ing  the  optical  density 
of  very  small  areas  of  photographic  film,  or  any  ocher  material. 

MODULATION  TRANSFER  FUNCTION  - A characterization  of  an  acquisition 
system  in  the  spatial  frequency  domain  - « specifically,  the  magni- 
tude of  the  Fourier  Transform  of  the  lino  spread  function  (the  line 
spread  function  describes  the  display  output  of  an  acquisition  system 
viewing  an  extremely  narrow  straight  line), 

MODULATION  TRANSFER  FUNCTION  AREA  - The  area  between  Che  modulation 
transfer  function  curve  of  an  acquisition  system  and  the  threshold- 
of “detectability  curve  of  an  observer. 

MULTISPECTRAL  SENSOR  - An  acquisition  ayatera  that  senses  radiation  in 
tv;o  or  more  regions  o'  the  electromagnetic  spectrum, 

NADIR  - A point  of  ground  reference  located  directly  below  the  centroid 
of  the  aircraft. 
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NANOMETER  - A unit  of  measure  corresponding  to  1 X 10  meters, 
ly  termed  millimicron. 

NAP-OF-THE-EARTH  FLIGHT  - Flight  performed  as  close  to  the  earth's  sur- 
face as  vegetation  and  obstacles  will  permit  and  generally  following 
the  contours  of  the  earth.  Airspeed  and  altitude  are  varied  as  in- 
fluenced by  the  terrain,  weather  and  the  enemy  situation. 

NEAR  REAL-TIME  - An  information  processing  technique  in  which  sensor 
data  are  processed  and  displayed  with  a time  lag  between  sensor  input 
and  display. 

NEPHELC.IETER  - An  instrument  that  estimates  the  atmospheric  extinction 
coe£f<  lent  by  shining  a light  through  a sample  of  air  and  measuring 
the  total  amount  oc  scattered  light, 

OBSERVER  - One  who  acquires  and  designates  targets;  includes  forward 
ground  observers,  aercscouts,  forward  air  controllers,  and  other  air- 
crafe  crew  members. 

OCCULOMETER  - An  instrument  that  tracks  the  movement  of  an  observer's 
eye. 

OFFSET  - The  cross-range  distance  of  a target  from  the  aircraft  flight 
path. 

PARAFOVEAL  VISION  - Peripheral  vision. 

PATH  LUMINANCE  - The  amount  of  luminous  flux  scattered  into  the  line 
of  sight  of  an  observer. 

PERCEPTUAL  EMBEDDEDNESS  - The  degree  to  which  a target  appears  to  be 
Oart  of  a larger  area,  either  background  cr  foreground,  thus  provid- 
ing a pattern  which  is  difficult  to  detect  or  recognize  as  a target, 

PHOTOMETER  - An  instrument  that  measurer  radiation  in  the  visible 
spectrum. 

PH0T0FIC  VISION  - Vision  mediated  by  the  cone  system  of  receptors. 

POP-UP  MANEUVER  - A flight  maneuver  ir.  which  tho  aircraft  moves 
vertically  from  defilade  to  an  unmasked  condition,  than  returns  to 
defiladn.  This  maneuver  may  be  performed  vita  or  without  forward 
airepeeu, 

PSEUDOTARuET  - An  object  or  inusgL.  that  viipht  bo  mistaken  for  the  true 
target;  a group  of  pseudocargots  appearing  in  a scene  constitutes 
a form  of  clutter. 


I* Y RAN0M1  ”1' HR  - An  instrument  which  measures  sun  nnd  sky  radiation  giving 
the  surface  illumination. 

I’YRHKLIOMBTER  - An  instrument  which  mcntiuroH  tho  radiation  from  the  sun. 

RADIANCE  - Tho  radiometric  term  specifying  tho  amount  of  power  radiated 
from  an  oxtondod  body  per  solid  angle  and  por  projected  area  of  radiat- 
ing surface}  expressed  in  watts  per  ateradian  per  square  meter. 

RASTER  - A TV  or  linascanner  method  of  constituting  a scene  by  paint- 
ing successive  lines  on  a CRT,  i.e.,  tho  characteristics  of  such  a 
samplod  scene  or  the  lines  themselves  whon  combined  into  a picture 
duo  to  the  ability  of  the  tube  to  retain  illumination  by  fluorescence. 

REAL-TIME  - Sensing,  data  processing,  nnd  display  of  information  that 
occur*  essentially  at  the  time  the  evemt  occurs. 

RECOGNITION  - The  decision  that  an  object  detocted  can  be  specified 
as  a particular  object  or  member  of  a particular  class  of  objects. 

REFLECTANCE  - The  ratio  of  the  flux  reflected  from  a surface  to  the 
total  flux  incident  upon  that  surfacot  varies  according  to  tho  wave- 
length of  tho  incident  light. 

RESOLUTION  - A mcacura  of  the  smallest  detail  that  a system  can 
discriminate;  often  expressed  as  an  angle  in  milliradians  or  minuteo 
of  arc, 

RETINA  - The  innermost  coat  of  the  back  part  of  the  eyeball,  con- 
alating  of  cello  sensitive  to  light. 

ROD  - A light  sensitive  cell  in  the  rotina  nnd  concentrated  on  the 
periphery  of  che  fovea.  It  is  the  only  photoreceptor  functioning 
under  low  levoln  of  illumination, 

3C0T0PIC  VISION  - Vision  mediated  by  tho  rod  oyotem  of  receptors; 
"Night"  vision, 

SKEABlLll’Y  - The  distance  (slant  rango)  u t which  a sensor  (o.g,, 
human  eye,  photometer,  radiometer,  photograph,  TV  camera,  etc.) 
la  ablo  to  069  (recognize  or  lock  onto)  « target  through  fcha  inter- 
vening rttmoaphorc  which  may  contain  cloudo,  hazo,  smol:e,  fog. 
p.uC,|.,b(.bivti,  or  oust, 

SIONAL-TO-NOISE  RATIO  » The  -atlo  of  Che  peak-to-paak  amplitude 
of  rt  Bifinal  to  th*  rrr.s  amplitude  of  th«  noioe  superimposed  on  the 
signal. 


SKY-GROUND  LUMINANCE  RATIO  - Thu  ratio  of  cite  luminance  of  the  sky  to 
the  luminance  of  the  ground. 

SKY  LUMINANCE  - The  luminance  of  the  sky  at  the  horizon  as  measured 
in  the  name  direction  a a the  observer's  line  of  sight. 

SLANT  .IriNOK  - The  range  from  the  observer  directly  to  the  target 
along  the  line  of  sight. 

SLANT  RANGE  OF  VISIBILITY  - The  slant  range  for  which  the  contrast 
between  an  object  and  its  surrounding  1b  equal  to  the  threshold 
contrast  of  the  human  eye. 

SNR0  - The  actual  signal  to  noise  that  is  displayed  on  the  face  of 
a CRT;  it  includes  the  inherent  SNR  of  the  system  plus  that  noise 
added  by  the  characteristics  of  the  CRT. 

SPECTRAL  SIGNATURE  - The  unique  radiation  of  a specific  object  by 
which  it  may  be  possible  to  classify  the  object  as  a target  or 
nontargot, 

SUN  ANGLE  - The  angle  between  the  line  from  the  sun  to  the  target 
and  the  line  from  the  target  to  the  observer  or  also  with  respect 
to  the  horizon  and  true  north. 

THRESHOLD  - The  amount  of  signal  required  to  cause  a Bensor  to 
respond  to  that  Gignal.  In  psychophysics,  a probabilistic  concept 
often  defined  as  the  amount  of  energy  required  for  a subject  to 
detect  a stimulus  on  50  percent  of  the  trials. 

f'-  .... 

TRANSMITTANCE  - A factor  less  than  one,  describing  the  amount  of 
light  from- art  object  that  is  transmitted  through  the  atmosphere 
(i.e.,  not  ocattered  or  absorbed), 

TURBIDITY  - A coefficient  which  gives  the  total  extinction  of  solar 
radiation  by  hate  in  a vertical  column  through  the  atmosphere. 

VISUAL  ANGLE  - The  angle  subtended  by  an  object  in  the  visual  field 
at  the  nodal  point  of  the  eye.  This  angle  determines  the  size  of 
the  Imago  or.  the  retina. 


